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MOTOROLA 


SMALL-SIGNAL 
TRANSISTORS 


Prepared by 
Technical Information Center 


This publication presents technical information for the several product families that comprise 
the Motorola small-signal transistor line. The families include both bipolar and field-effect tran- 
sistors. These are available in a variety of packages; metal can, plastic, and microminiature. 
Complete device specifications and typical performance curves are given on individual data 
sheets, which are grouped by the various families. 

A quick comparison of performance characteristics is presented in the easy-to-use selector 
guides in the first section. The tables will assist in the selection of the proper transistor for a 
specific application. 

Separate sections are included to describe package outline drawings, and to clarify the 
mysteries of high reliability processing and testing. 

The information in this book has been carefully checked and is believed to be accurate; 
however, no responsibility is assumed for inaccuracies. Furthermore, this information does not 
convey to the purchaser of semiconductor devices any license under the patent rights to the 
manufacturer. 
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ALPHANUMERIC INDEX 


Data. | Selector Daia Seiecior 
Motorola Sheet Guide Motorola Sheet Guide 
Part # Page # Page # Part # Page # Page # 


2N638 2N2060JTX 
2N656 2N2060JTXV 
2N657 2N2102 

2N697 2N2193A 
2N699 2N2218 

2N703 2N2218A 
2N703JAN 2N2218AJAN 
2N706 2N2218AJTX 
2N706A 2N2218AJTXV 
2N706B 2N2218JAN 


2N706JAN 2N2218JTX 


2N708 2N2218JTXV 
2N708JAN 2N2219 


2N708JTX 2N2219A 


2N718 2N2219AJAN 
2N718A 2N2219AJTX 
2N718AJAN 2N2219AJTXV 
2N718AJTX 2N2219ALJTXV 
2N718AJTXV 2N2219JAN 


2N720A 2N2219JTX 


2N834 2N2219JTXV 
2N835 2N2221 
2N860A 2N2221A 
2N869A 2N2221AJAN 
2N869AJAN 2N2221AJTX 
2N869AJTX 2N2221AJTXV 
2N869AJTXV 2N2221JAN 
2N910 2N2221J3TX 


2N914 2N2221JTXV 
2N914JAN 2N2222 


2N914J5TX 2N2222A 
2N915 2N2222AJAN 
2N916 2N2222AJTX 
2N916JAN 2N2222AJNTXV 
2N918 2N2222JAN 
2N918JAN 2N2222JTX 
2N918JANS 2N2222JNTXV 
2N918JANTXV 2N2223 
2N918JTX 2N2223A 
2N918JTXV 2N2270 


2N930 2N2297 
2N930A 2N2368 
2N930JAN 2N2369 
2N930JTX 2N2369A 
2N956 2N2369AJAN 
2N1131A 2N2369AJANS 
2N1132 2N2369AJTX 


2N1132A 2N2369AJNTXV 
2N1132JAN 2N2453 


2N1132JANTX 2N2453A 


2N1613 2N2480 
2N1613JAN 2N2480A 
2N1613JTX 2N2481 
2N1613JTXV 2N2481JAN 
2N1613LJTXV 2N2481J5TX 
2N1711 2N2484 
2N1893 2N2484JAN 
2N2060 2N2484JTX 
2N2060A 2N2484JTXV 
2N2060JAN 2N2501 
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Devices with no page number shown are available from Motorola although not represented in this book. Please contact your nearest Motorola 
representative for further information. 


ALPHANUMERIC INDEX (continued) 


Data 
Motorola Sheet 
Part # Page # 


Selector 
Guide 
Page # 


! Data Selector 
Motorola Sheet Guide 
Part # Page # Page # 


2N2539 2N2906JTXV 4-57 

2N2604 2N2907 4-57 

2N2605 /2N2907A 4-57 

2N2605JAN 2N2907AJAN 4-57 
2N2605JANTXV 2N2907AJANS 4-57 

2N2605JTX 2N2907AJTX 4-57 

2N2608 2N2907AJTXV 4-57 

2N2608JAN 2N2907JAN 4-57 

2N2609 2N2907JTX 4-57 

2N2609JAN 2N2907JTXV 4-57 

2N2639 5-7 2N2913 5-15 

2N2640 5-7 2N2914 5-15 

2N2641 5-7 2N2915 5-15 

2N2642 5-7 2N2916 5-15 

2N2643 5-7 2N2917 5-15 

2N2644 5-7 2N2918 5-15 

2N2652 9-9 2N2919 5-15 

2N2652A 5-9 2N2920 5-15 

2N2720 5-10 2N2944 4-60 

2N2721 5-10 2N2944A 4-61 

rates 7) 2N2944AJAN 4-61 1-44 
2N2723 5-12 2N2944AJNTX 4-61 1-44 
2N2785 5-13 2N2944AUTXV 4-61 1-44 
2N2800 4-53 2N2945 4-60 1-20 
2N2843 6-3 2N2945A 4-61 1-20 
2N2844 6-3 - 2N2945AJAN 4-61 1-44 
2N2857 7-2 1-38 2N2945AJTX 4-61 1-44 
2N2857JAN 1-44 2N2945AJNTXV 4-61 1-44 
2N2857JTX 1-44 2N2946 4-60 1-20 
2N2857JTXV 1-44 2N2946A 4-61 1-20 
eee ae 1-15 2N2946AJAN 4-61 1-44 
2N2895 4-55 1-18 2N2946AJTX 4-61 1-44 
2N2896 4-55 1-18 2N2946AJNTXV 4-61 1-44 
2N2897 4-55 1-18 2N2959 4-65 - 
2N2903 5-14 1-26 2N3011 4-66 

2N2903A - 1-26 2N3012 4-67 

2N2904 4-57 1-19 2N3013 4-68 

2N2904A 4-57 1-19 2N3013JAN 4-68 
2N2904AJAN 4-57 1-19 2N3013JTX 4-68 

2N2904AJUTX 4-57 1-19 °2N3014 4-68 
2N2904AJNTXV 4-57 1-19 2N3019 4-70 

2N2904JAN 4-57 1-19 2N3019JAN 4-70 

2N2904JTX 4-57 1-19 2N3019JTX 4-70 

2N2904JTXV 4-57 1-19 °2N3019JTXV 4-70 

2N2905 4-57 1-19 2N3020 4-70 

2N2905A 4-57 1-19 2N3020JAN 4-70 

2N2905AJ AN 4-57 1-19 2N3020JTX 4-70 

2N2905AJN TX 4-57 1-19 2N3020JTXV 4-70 
2N2905AJNTXV 4-57 1-19 2N3043 5-17 
2N2905ALJANS 4-57 1-19 °N3044 5-17 

2N2905JAN 4-57 1-19 2N3045 5-17 

2N2905JTX 4-57 1-19 2N3046 5-17 
2N2905JTXV 4-57 1-19 2N3047 5-17 

2N2906 4-57 1-19 2N3048 5-17 

2N2906A 4-57 1-19 2N3053 4-73 

2N2906AJAN 4-57 1-19 2N3053A 4-73 
2N2906AUTX 4-57 1-19 2N3073 4-74 
2N2906AJTXV 4-57 1-19 °N3114 4-76 

2N2906JAN 4-57 1-19 2N3133 4-77 

2N2906JTX 4-57 1-19 2N3135 4-77 


Devices with no page number shown are available from Motorola although not represented in this book. Please contact your nearest Motorola 
representative for further information. 


ALPHANUMERIC INDEX (continued) 


| Data 
Motorola 
Part # 


Sheet 
Page # 
2N3227 
2N3244 
2N3245 
2N3249 
2N3250 
2N3250A 
2N3250AJ AN 
2N3250AJTX 
2N3250AJTXV 
2N3251 


2N3251A 
2N3251AJ AN 
2N3251AJTX 
2N3251AJTXV 
2N3252 

| 2N3253 
2N3253J AN 
2N3253J ANT X 
2N3299 
2N3300 


2N3301 
2N3302 
2N3303 
2N3307 
2N3308 
2N3330 
2N3330J AN 
2N3330JTX 
2N3331 
2N3368 


2N3369 
2N3370 
2N3425 
2N3436 
2N3437 

| 2N3438 
2N3439 

| 2N3439JAN 
2N3439JTX 
2N3439JTXV 


2N3440 
2N3440JAN 
2N3440JTX 
2N3440JTXV 
2N3444 
2N3444JAN 
2N3444J ANT X 
2N3458 
2N3459 
2N3460 


2N 3467 
2N3467JAN 
2N3467JTX 
2N3467JTXV 
2N3468 
2N3468JAN 
2N3468JTX 
2N3468JTXV 
2N3485 
2N3485A 


Selector 
Guide 
Page # 


2N3485AJ AN 
2N3485AJT X 
2N3486 
2N3486A 
2N3486AJ AN 
2N3486AJT X 
2N3494 
2N3495 
2N3496 
2N3497 


2N3498 
2N3498J AN 
2N3498JT X 
2N3498JTXV 
2N3499 
2N3499J AN 
2N3499JTX 
2N3499JTXV 
2N3500 
2N3500J AN 


2N3500JT X 
2N3500JTXV 
2N3501 
2N3501JAN 
2N350 1JTX 
2N3501JTXV 
2N3506 
2N3506J AN 
2N3506JTX 
2N3506JTXV 


2N3507 
2N3507J AN 
2N3507JTX 
2N3507UTXV 
2N3508 
2N3509 
2N3510 
| 2N3511 
2N3546 
2N3553 


2N3553J AN 
2N3553JTX 
2N3553JTXV 
2N3634 
2N3634J AN 
2N3634JTX 
2N3635 
2N3635J AN 
2N3635JTX 
2N3636 


2N3630J AN 
2N3636JTX 
2N3637 
2N3637JAN 
2N3637JTX 
2N3647 
2N3648 
2N3673 
2N3677 
2N3700 


Motorola 
Part # 


Data 
Sheet 
Page # 


Selector 
Guide 
Page # 
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Devices with no page number shown are available from Motorola although not represented in this book. Please contact your nearest Motorola 


representative for further information. 


ALPHANUMERIC INDEX (continued) 


Data Selector 
Motorola Sheet Guide 
Part # | Page# Page # 


2N3712 

2N3724 

2N3724A 
2N3725 

2N3725A 
2N3726 
2N3727 
2N3734 
2N3735 
2N3736 


2N3737 
2N3742 
2N3743 
2N3743JAN 
2N3743JTX 
2N3762 
2N3762JAN 
2N3762JTX 
2N3762JTXV 
2N3763 


2N3763J AN 
2N3763JANTXV 
2N3763JTX 
2N3764 
2N3764JAN 
2N3764JTX 
2N3764JTXV 
2N3765 
2N3765JAN 
2N3765JTX 


2N3796 
2N3797 
2N3798 
2N3799 
2N3806 
2N3807 
2N3808 
2N3809 
2N3810 
2N3810A 


2N3810JAN 
2N3810JTX 
2N3810JTXV 
2N3811 
2N3811A 
2N3811JAN 
2N3811JTX 
2N3811JTXV 
2N3812 
2N3813 


2N3814 
2N3815 
| 2N38 16 
2N3816A 
2N3817 
2N3817A 
2N3819 
2N3821 
2N3821JAN 
2N3821JTX 


Motorola | 
Part # 


2N3821JTXV 
2N3822 
2N3822JAN 
2N3822J5TX 
2N3822JTXV 
2N3823 
2N3823J AN 
2N3823JTX 
2N3823JTXV 
2N3824 


2N3838 
2N3839 
2N3866 
2N3866A 
2N3866AJ AN 
2N3866AUT X 
2N3866AJTXV 
2N3866J AN 
2N3866JTX 
2N3866JTXV 


2N3903 
2N3904 
2N3905 
2N3906 
2N3909 
2N3909A 
2N3946 
2N3947 
2N3948 
2N3959 


2N3960 
2N3960J AN 
2N3960JTX 
2N3960JTXV 
2N3962 
2N3963 
2N3964 
2N3965 
2N3966 
2N3970 


2N3971 
2N3972 

2N3993 

2N3993A 
2N3994 

2N3994A 
2N4013 
2N4014 
2N4015 
2N4016 


2N4026 
2N4027 
2N4028 
2N4029 
2N4030 
2N4031 
2N4032 
2N4033 
2N4033JAN 
2N4033JTX 


Data 
Sheet 
Page # 
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Guide 
Page # 
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2-2 1-2 
2-2 1-2 
2-7 1-2 
2-7 1-2 
1-30 
1-31 
1-18 
1-18 
1-42 
1-39 
1-39 
1-44 
1-44 
1-44 
1-16 
1-16 
1-16 
1-16 
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Devices with no page number shown are available from Motorola although not represented in this book. Please contact your nearest Motorola 


representative for further information. 
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Data Selector 
Motorola Sheet Guide 
| Part # Page # Page # 


Selector 
Guide 
Page # 


Data 
Motorola Sheet 
Part # Page # 


2N4033JTXV 4-168 2N4410 
2N4036 4-170 2N4416 
2N4037 4-170 2N4416A 
2N4057A : 2N4427 
2N4091 6-18 2N4449J AN 
2N4092 6-18 2N4449JTX - 
2N4093 6-18 2N4453 4-14 
2N4117 6-20 2N4453JAN 4-14 
2N4117A 6-20 2N4453JTX 4-14 
2N4118 6-20 2N4854 5-28 
2N4118A 6-20 2N4854J AN 5-28 
2N4119 6-20 2N4854JTX 5-28 
2N4119A 6-20 2N4854JUTXV 5-28 
2N4123 2-12 1-2 2N4855 5-28 
2N4124 2-12 1-2 2N4856 6-49 
2N4125 2-16 1-2 2N4856A 6-49 
2N4126 2-16 1-2 2N4856JAN 6-49 
2N4208 4-172 1-15 2N4856JTX 6-49 
2N4209 4-172 1-15 IN4856J/TXV 
2N4220 6-22 1-31 2N4857 
2N4220A 6-22 1-31 2N4857A 
2N4221 6-22 1-31 2N4857JAN 
2N4221A 6-22 1-32 2N4857JTX 
2N4222 6-22 1-32 2IN4857JTXV 
2N4222A 6-22 1-32 2N4858 
2N4223 6-25 1-34 2N4858A 
2N4224 6-25 1-34 2N4858J AN 
2N4234 4-174 1-18 2N4858JTX 
2N4235 4-174 1-18 2N4858JTXV 
2N4236 4-174 1-18 2N4859 
2N4237 4-179 1-17 2N4859A 
2N4238 4-179 1-17 2N4859J/ AN 
2N4239 4-179 1-17 2N4859JTX 
2N4260 4-183 1-17 2N4859JTXV 
2N4261 4-183 1-17 2N4860 
2N4261JAN 4-183 1-17 2N4860A 
2N4261JTX 4-183 1-17 2N4860J AN 
2N4264 2-20 1-3 2N4860J/TX 
2N4265 2-20 1-3 2N4860JTXV 
2N4338 6-29 2N4861 
2N4339 6-29 2N4861A 
2N4340 6-29 2N4861JAN 
2N4341 6-29 2N4861JTX 
2N4342 6-30 2N4861JTXV 
2N4351 6-31 2N4890 
2N4352 6-35 2N4924 
2N4360 6-39 2N4925 
2N4391 6-40 2N4926 
2N4392 6-40 2N4927 
2N4393 6-40 2N4928 
2N4398 : 2N4929 
2N4400 2-25 2 2N4930 
2N4401 2-25 2 2N4930J AN 
2N4402 2-30 2 2N4930JTX 
2N4403 2-30 2 2N4930JTXV 
2N4404 4-186 16 2N4931 
2N4405 4-186 16 2N4931JAN 
2N4406 4-191 16 2N4931JTX 
| 2N4407 4-191 16 2N4931JTXV 
2N4409 2-35 - 2N4937 


Devices with no page number shown are available from Motorola although not represented in this book. Please contact your nearest Motorola 
representative for further information. 
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| Data 
Motorola of 
Part # | 


Sheet 
Page # 
2N4938 
| 2N4939 
2N4940 
2N4941. 
2N4942 
2N4957 
2N4957JAN 
2N4957JTX 
2N4957JTXV 
2N4958 


_2N4959 
2N5022 
| 2N5023 
2N5031 
2N5032 
2N5058 
2N5059 
2N5086 
2N5087 
2N5088 


2N5089 
2N5108 
2N5109 
| 2N5109J AN 

2N5109JTX 

2N5109JTXV 
2N5146 
2N5160 
2N5179 
2N5208 


2N5209 
2N5210 
2N5222 
2N5223 
2N5224 
2N5225 
2N5226 
2N5227 
2N5228 
2N5229 


2N5230 
2N5231 
2N5245 
2N5246 
2N5247 
2N5265 
2N5266 
2N5267 
2N5268 
2N5269 


2N5270 
2N5320 
2N5321 
2N5322 
2N5323 
2N5358 
2N5359 
2N5360 
2N5361 
2N5362 


Selector 
Guide 
Page # 


atk ee ek 
i 
fk AALHA 


hk ek ek eed 
1 

WOANMAAHBA ABO 

mowwsth A KROO 


ar gee aan eo 
t I 
woh KR © 


Motorola 
Part # 


2N5363 
2N5364 
2N5400 
2N5401 
2N5415 
2N5415JAN 
2N5415JTX 
2N5415JTXV 
2N5416 
2N5416JAN 


2N5416JANTXV 
2N5416JTX 

2N5457 
2N5458 
2N5459 
2N5460 
2N5461 
2N5462 
2N5463 
2N5464 


2N5465 
2N5484 
2N5485 
2N5486 
2N5550 
2N5551 
2N5555 
2N5556 
2N5557 
2N5558 


2N558 1 
2N558 1J AN 
2N558 1JTX 
2N558 1JTXV 
2N5582 
2N5582J AN 
2N558 2UTX 
2N5582UTXV 
2N5583 
2N5638 


2N5639 
2N5640 
2N5653 
2N5654 
2N5668 
2N5669 
2N5670 
2N5679 
2N5680 
2N568 1 


2N5682 
2N5771 
2N5793 
2N5793JAN 
2N5793JTX : 
2N5793JTXV 
2N5794 
2N5794JAN 
2N5794JTX 
2N5794JTXV 


Selector 
Guide 
Page # 


Data 
Sheet 
Page #. 


Devices with no page number shown are available from Motorola although not represented in this book. Please contact your nearest Motorola 
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Data Selector 
Motorola Sheet Guide 
Part # Page # Page # 


2N5795 
2N5795JAN 
2N5795JTX 
2N5795JTXV 
2N5796 
2N5796JAN 
2N5796JTX 
2N5796JTXV 
2N5829 
2N5835 


2N5836 
2N5837 
2N5859 
2N5861 
2N5943 
2N5947 
2N6255 
2N6256 
2N6304 
2N6305 


2N6426 
2N6427 
2N6428 
2N6428A 
2N6429 
2N6429A 
2N6430 
2N6431 
2N6432 
2N6433 


2N6501 
2N6502 
2N6503 
2N6515 
2N6516 
2N6517 
2N6518 
2N6519 
2N6520 
2N6603 


2N6603J AN 
2N6603JTXV 
2N6604 
2N6604J AN 
2N6604JTXV 
2N6659 
2N6660 
2N6661 
3N128 
3N155 


3N155A 
3N156 
3N156A 
3N157 
SN157A 
3N158 
3N158A 
3N169 
3N170 
3N171 
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Devices with no page number shown are available from Motorola although not represented in this book. Please contact your nearest Motorola 


representative for further information. 


3N201 
3N202 
3N203 
3N204 
3N205 
3N206 
3N209 
3N211 
3N212 
3N213 


BC107,108,109 
BC140 Series 
BC141 Series 
BC160,-6,-10,-16 
BC161,-6,-10,-16 
BC177,178,179 
BC393 

BC394 

BCW20 

BCW29 


BCW30 
-BCW31 
BCW32 

BCW33 

BCW60A 
BCW60B 
BCW60C 
BCW60D 
BCW61A 
BCW61B 


BCW61C 
BCW61D 
BCW65A 
BCW65B 
BCW65C 
BCW66F 
BCW66G 
BCW67 

BCW67A 
BCW67B 


BCW67C 
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BCX54 
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BCX56 


Data 
Sheet 
Page # 


Motorola 
Part # 


ee) 
1 


OWOWWW OOM 
DMD ODOAAAARWWAWHND PLY 


WW q & o 


Selector 
Guide 
Page # 


a oe ee ee ee po on Se oe ee ee a ee a a | wh eh 
i] 


—h cok 
' 1 1 t 


I 
QOONN NN N ©0 DONNNANN NONNNNNNN® ON 


a 
1 


a a a 9 
t 1 { { f 


I 
©) CON 


be cote ah 
WWWWW 


ALPHANUMERIC INDEX (continued) 
Motorola ~ Sheet Guide 
Part #. Page # Page # 
BCX68 i 
BCX69 


BCX70G 
BCX70H 
BCX70J 

BCX70K 
BCX71G 
BCX71H 
BCX71J 

BCX71K 


BCY58,VII,VIIi,IX,X 
BCY59,VII,VII,IX,X 
X,X 
X,X 


aay 
a 
oe) 


—k 

| 

1 Porte ay 
NNNNOOOOD GZ, 


ae ee eee eee Cee Ga See © 
t 


BCY70,71,72 
BCY78,VII,VIlI,! 
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BCY66 

BCY67 

BDT70 

BDT71 

BF 246 


BF246A 
BF246B 
BF246C 
BFQ17 
BFQ18A 
BFQ19 
BFR30 
BFR31 
BFR90 
BFR91 


BFR92 
BFR92S 
BFR93 
BFR93S 
BFR96 
BFRC96 
BFS17 
BFS17S 
BFW43,44 
BFW92A 


BFX29 
BFX84,85,86 
BFX89 
BFY90 
BS107 
BS107A 
BS170 
BSS63 
BSS64 
BSS71,72,73 


BSS74,75,76 
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BSX45,-6,-10,-16 
BSX47,-6,-10 
BZX84C 
BZX84C4V7 
BZX84C5V1 
BZX84C5V6 
BZX84C6V2 
BZX84C6V8 
BZX84C7V5 
BZX84C8V2 


BZX84COV1 
BZX84C10 
BZX84C11 
BZX84C12 
BZX84C13 
BZX84C15 
BZX84C16 
BZX84C18 
BZX84C20 
BZX84C22 


BZX84C24 
BZX84C27 
BZX84C30 
BZX84C33 
J107 
J108 
J109 
J110 
J111 
J112 


J113 
J174 
J175 
J176 
J177 
J201 
J202 
J203 
J270 
J271 


J300 
J304 
J305 
J308 
| J309 
J310 
JF1033B 
JF1033S 
JF1033Y 
MBAL99 


MBAS16 
MBAV70 
MBAV74 
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MBAW56 
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MD708F 
MD918 
MD918A 
MD918AF 
MD918B 
MD918BF 
MD918F 
MD982 
MD982F 
MD984 


MD985 
MD985F 
MD986 
MD986F 
MD1120 
MD1120F 
MD1121 
MD1121F 
MD1122 
MD1122F 


MD1123 
MD1129 
MD1129F 
MD1130 

MD1130F 
MD1132 

MD1132F 
MD2060F 
MD2218 

MD2218A 


MD2218AF 
MD2218F 
MD2219 
MD2219A 
MD2219AF 
MD2219F 
MD2369 
MD2369A 
MD2369AF 
MD2369B 


MD2369BF 
MD2369F 
MD2904 
MD2904A 
MD2904AF 
| MD2904F 

| MD2905 
MD2905A 
MD2905AF 
MD2905F 


MD3250 
MD3250A 
MD3250AF 
MD3250F 
MD3251 
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MD3251AF 
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MD3409 
MD3410 
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MD3467 
MD3467F 
MD3725 

MD3725F 
MD3762 

MD3762F 
MD4260 
MD4261 
MD4957 
MD5000 


MD5000A 
MD5000B 
MD6001 
MD6001F 
MD6002 
MD6002F 
MD6003 
MD6003F 
MD6100 
MD6100F 


MD7000 
MD7001 
MD7001F 
MD7002 
MD7002A 
MD7002B 
MD7003 
MD7003A 
MD7003AF 
MD7003B 


MD7003F 
MD 7004 
MD7004F 
MD7005 
MD7005F 
MD 7007 
MD7007A 
MD7007B 
MD7007BF 
MD 7007F 


MD7021 
MD7021F 
MD8001 
MD8002 
MD8003 
MFE120 
MFE121 
MFE122 
MFE130 
MFE131 


MFE132 
MFE140 
MFE521 
MFE823 
MFE825 
MFE910 
MFE930 
MFE960 
MFE990 
MFE2000 
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MFE4007 
MFE4009 
MFE4012 
MFE9200 
MFQ930C 
MFQ960C 
MFQ990C 
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MHQ2222 
MHQ2369 
MHQ2483 
MHQ2484 
MHQ2906 
MHQ2907 
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MHQ3798 


MHQ3799 
MHQ4001A 
MHQ4002A 
MHQ4013 
MHQ4014 
MHQ6001 
MHQ6002 
MHQ6100 
MHQ6100A 
MHQ6842 


MHW590 
MHW591 
MHW592 
MHW593 
MM420 
MM421 
MM852 
MM1505 
MM1748 
MM1748A 


MM1941 
MM2005 
MM2258 
MM2259 
MM2260 
MM3000 
MMs3001 
MM3002 
MM3003 
MM3005 


Selector 
‘Guide 
Page # 


Devices with no page number shown are available from Motorola although not represented in this book. Please contact your nearest Motorola 


representative for further information. 


MM3006 
MM3007 
MM3008 
MM3009 
MM3726 
MM3903 
MM3904 
MM3905 
MM3906 
MM4000 


MM4001 
MM4002 
MM4003 
MM4005 
MM4006 
MM4007 
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MM6427 
MMs000 
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MM8002 
MMs009 

MMBA811C5 
MMBA811C6 
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MMBA812M3 
MMBA812M4 
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MMBA812M7 
MMBA813S2 
MMBA813S3 
MMBA813S4 
MMBB601T 


MMBB709S 

MMBB709T 
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MMBC1321Q5 
MMBC1621B2 
MMBC1621B3 
MMBC1621B4 
MMBC1622D6 
MMBC1622D7 
MMBC1622D8 
MMBC1623L3 
MMBC1623L4 
MMBC1623L5 


MMBC1623L6 
MMBC1623L7 
MMBC1653N2 
MMBC1653N3 
MMBC1653N4 
MMBC1654N5 
MMBC1654N6 
MMBC1654N7 
MMBD101 

MMBD352 


MMBD501 
MMBD914X 

MMBD2835X 
MMBD2836X 
MMBD2837X 
MMBD2838X 
MMBD6050X 
MMBD6100 

MMBD7000 

MMBF4391 


MMBF4392 
MMBF4393 
MMBF4416 
MMBF4860 
MMBF5457 

-MMBF5459 

MMBF5460 

MMBF5484 

MMBF5486 

MMBFJ310 


MMBFU310 
MMBJ930 
MMBPU131 
MMBR¢901 
MMBR920 
MMBR930 
MMBR931 
MMBR2060 
MMBR2857 
MMBR4957 


MMBR5031 
MMBR5179 
MMBS5060 
MMBS5061 
MMBS5062 
MMBT404 
MMBT404A 
MMBT918 
MMBT918R 
MMBT930 
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MMBT 2222 
MMBT2222A 
MMBT2369 
MMBT2484 
MMBT2907 
MMBT2907A 
MMBT3640 
MMBT3903 
MMBT3904 
MMBT3906 


MMBT3960 
MMBT3960A 
MMBT4124 
MMBT4125 
MMBT4260 
MMBT4261 
MMBT4401 
MMBT4403 
MMBT5086 
MMBT5087 


MMBT5088 
MMBT5089 
MMBT5401 
MMBT5550 
MMBT6427 
MMBT6428 
MMBT6429 
MMBT6517 
MMBT6520 
MMBT6543 


MMBTA05 
MMBTA06 
MMBTA13 
MMBTA14 
MMBTA20 
MMBTA42 
MMBTA43 


| MMBTA55 


MMBTAS56 
MMBTAG3 


MMBTA64 
MMBTA70 
MMBTA92 
MMBTAQ3 
MMBTH10 
MMBTH24 
MMBTH81 
MMBV105G 
MMBV109 
MMBV2097 


MMBV2098 
MMBV2099 
MMBV2100 
MMBV2101 
MMBV2102 


| MMBV2103 


MMBV2104 
MMBV2105 
MMBV2106 
MMBV2107 
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| MMBV2108 | 
MMBV2109 
MMBV3102 
MMBV3401 
MMB2Z5226 
MMB2Z5227 
MMB2Z5228 
MMB2Z5229 
MMBZ5230 
MMBZ5231 


MMBZ5232 
MMBZ5233 
MMBZ5234 
MMBZ5235 
MMBZ5236 
MMBZ5237 
MMBZ5238 
MMB2Z5239 
MMBZ5240 
MMBZ5241 


MMBZ5242 
MMBZ5243 
MMBZ5244 
MMBZ5245 
MMBZ5246 
MMBZ5247 
MMBZ5248 
MMBZ5249 
MMBZ5250 
MMBZ5251 


MMBZ5252 
MMBZ5253 
MMBZ5254 
MMBZ5255 
MMBZ5256 
| MMBZ5257 
MMCM918 

MMCM930 

MMCM2221 
MMCM2222 


MMCM2369 
MMCM2484 
MMCM2857 
MMCM2906 
MMCM2907 
MMCM3798 
MMCM3799 
MMCM3903 
MMCM3904 
MMCM3905 


MMCM3906 
MMCM3960A 
MPF 102 
MPF 108 
MPF109 
MPF111 
MPF112 
MPF 130 
MPF 131 
MPF 132 


MPF 161 
MPF 201 
MPF202 
MPF203 
MPF209 
MPF 211 
MPF212 
MPF213 
MPF230 
MPF231 


MPF232 
MPF256 
MPF521 
MPF820 
MPF910 
MPF930 
MPF 960 
MPF970 
MPF971 
MPF990 


MPF 1010 
MPF2608 
MPF2609 
MPF 3330 
MPF3821 
MPF3822 
MPF3823 
MPF3824 
MPF3970 
MPF3971 


MPF3972 
MPF4091 
MPF4092 
MPF4093 
MPF4117 
MPF4117A 
MPF4118 

MPF4118A 
MPF4119 

MPF4119A 


MPF4220 
MPF4220A 
MPF4221 
MPF4221A 
MPF4222 
MPF4222A 
MPF4223 
MPF4224 
MPF4339 
MPF4391 


MPF4392 
MPF4393 
MPF4416 
MPF4416A 
MPF4856 
MPF4856A 
MPF4857 
MPF4857A 
MPF4858 
MPF4858A 
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MPF4859 
MPF4859A 
MPF4860 
MPF4860A 
MPF4861 
MPF4861A 
MPF6659 
MPF6660 
MPF6661 
MPF9200 


MPQ918 
MPQ1000 
MPQ1500 
MPQ2221 
MPQ2221A 
MPQ2222 
MPQ2222A 
MPQ2369 
MPQ2483 
MPQ2484 


MPQ2906 
MPQ2906A 
MPQ2907 
MPQ2907A 
MPQ3303 
MPQ3467 
MPQ3546 
MPQ3724 
MPQ3725 
MPQ3725A 


MPQ3762 
MPQ3798 
MPQ3799 
MPQ3904 
MPQ3906 
MPQ6001 
MPQ6002 
MPQ6100 


MPS706 
MPS706A 
MPS708 

MPS750 

MPS751 

MPS751A 
MPS834 
MPS835 
MPS918 
MPS929 


MPS929A 
MPS$930 

MPS930A 
MPS2222 
MPS2222A 
MPS2369 
MPS2714 
MPS2716 
MPS2907 
MPS2907A 


MPS2925 
MPS3390 
MPS3391 
MPS3391A 
MPS3392 
MPS3393 
MPS3394 
MPS3395 
MPS3396 
MPS3397 


MPS3398 
MPS3402 
MPS3403 
MPS3404 
MPS3405 
MPS3563 
MPS3565 
MPS3566 
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MPQ6100A 
MPQ6426 


MPQ6427 
MPQ6501 
MPQ6502 
MPQ6600 
MPQ6600A 
MPQ6700 
MPQ6842 
MPQ7041 
MPQ7042 
MPQ7043 


MPQ7051 
MPQ7052 
MPQ7053 
MPQ7091 
MPQ7092 
MPQ7093 
MPS404 
MPS404A 
| MPS650 
MPS651 


MPS3567 
MPS3568 


MPS3569 
MPS3638 
MPS3638A 
MPS3640 
MPS3644 
MPS3645 
MPS3646 
MPS3693 
MPS3694 
MPS3702 


| MPS3703 
MPS3704 
MPS3705 
MPS3706 
MPS3707 
MPS3710 
MPS3711 
MPS3866 
MPS3866A 
MPS3903 
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MPS3905 
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MPS4257 
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MPS4275 
MPS4354 
MPS4355 
MPS4356 
MPS5133 
MPS5138 
MPS5139 
MPS$5172 
MPS$5179 
MPS6172 


MPS6507 
MPS6511 
MPS6512 
MPS6513 
MPS6514 
MPS6515 
MPS6516 
MPS6517 
MPS6518 
MPS6519 


MPS6520 
MPS6521 
MPS6522 
MPS6523 
MPS6530 
MPS6531 
MPS6532 
MPS6533 
MPS6534 
MPS6535 


MPS6539 
MPS6540 
MPS6541 
MPS6543 
MPS6544 
MPS6547 
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MPS6562 


MPS6563 
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MPS6574 
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MPS6576 
MPS6580 
MPS6601 
MPS6602 
MPS6651 
MPS6652 
MPS6714 
MPS6715 
MPS6716 
MPS6717 


MPS6724 
MPS6725 
MPS6726 
MPS6727 
MPS6728 
MPS6729 
MPS6733 
MPS6734 
MPS6735 
MPS8093 


MPS8097 
MPS8098 
MPS8099 
MPS8598 
MPS8599 
MPSA05 
MPSA06 
MPSA09 
MPSA10 
MPSA12 


MPSA13 
MPSA14 
MPSA16 
MPSA17 
MPSA18 
MPSA20 
MPSA25 
MPSA26 
MPSA27 
MPSA28 


MPSA29 
MPSA42 
MPSA43 
MPSA44 
MPSA45 
MPSA55 
MPSA56 
MPSA62 
MPSA63 
MPSA64 


MPSA70 
MPSA75 
MPSA76 
MPSA77 
MPSAQ2 
MPSAQ3 
MPSD0O1 
MPSD04 
MPSD05 
MPSD51 
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MPSD54 
MPSD55 
MPSH02 
MPSH04 
MPSH05 
MPSH07 
MPSH08 
MPSH10 
MPSH11 
MPSH17 


MPSH20 
MPSH24 
MPSH30 
MPSH31 
MPSH32 
MPSH34 
MPSH54 
MPSH55 
MPSH69 
MPSH81 


MPSLO1 
MPSL51 
MPSWO01 
MPSWO1A 
MPSW05 
MPSW06 
MPSW10 
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MQ3799A 
MQ6001 
MQ6002 
MQ7001 
MQ7003 
MQ7004 
MQ7005 
MQ7007 
MQ7021 
MRF207 


MRF225 
MRF227 
MRF229 
MRF230 
MRF237 
MRF313 
MRF313A 
MRF402 
MRF501 
MRF502 


MRF511 
MRF515 
MRF517 
MRF525 
MRF531 
MRF532 
MRF534 
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MPSW13 MRF536 1-39 
MPSW14 - MRF559 1-39 
MPSW42 MRF571 1-39 
MPSW43 - MRF572 1-39 
MPSW45 - MRF573 1-39 
MPSW51 - MRF580 1-39 
MPSW51A - MRF581 1-39 
MPSW55 - MRF586 1-39 
MPSW56 - MRF587 1-39 
MPSW60 - MRF604 1-42 
MPSW63 - MRF607 1-42 
MPSW64 - MRF626 1-42 


MPSW92 
MPSW93 


MRF627 
MRF628 
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1-42 
MQ918 1-23 MRF629 1-42 
MQ930 = 1-23 MRF630 1-43 
MQ982 5-42 1-23 MRF901 1-39 
MQ1120 5-47 1-23 MRF904 1-41 
MQ1129 5-51 1-23 MRF905 1-39 
MQ2218 5-54 1-23 MRF911 1-39 
MQ2218A 5-54 1-23 MRF912 
MQ2219 5-54 1-23 MRF914 
MQ2219A 5-54 1-23 MRF931 
MQ2369 5-59 1-23 MRF961 
MQ2484 - 1-23 MRF962 
MQ2904 5-62 1-23 MRF965 
MQ2905A 5-62 1-23 MRF966 
|MQ3251 5-67 1-23 MRF967 
MQ3467 5-72 1-23 MRF8003 
MQ3725 5-76 1-23 MRF8004 
MQ3762 5-79 1-23 MSD6100 
MQ3798 - 1-23 MSD6102 
MQ3799 - 1-23 MSD6150 


Devices with no page number shown are available from Motorola although not represented inthis book. Please contact your nearest Motorola 
representative for further information. 
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MWA120 
MWA130 
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MWA220 
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MWA310 
MWA320 
MWA330 
MWA110H 


MWA120H 
MWA130H 
MWA210H 
MWA220H 
MWA230H 
MWA310H 
MWA320H 
MWA330H 
MXR3866 
MXR5160 


MXR5583 
MXR5943 
MXT3904 
MXT3906 
MXTA14 
MXTA27 
MXTA42 
| MXTA43 
MXTA44 
MXTA64 


MXTA77 
MXTA92 
MXTA93 
; PN2222 
PN2222A 
PN2907 

| PN2907A 
PN3644 
PN3645 
U308 


U309 
U310 
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The following selector guides highlight transistors that have 
emerged as the best values in their various categories. Semi- 
conductors are manufactured by “batch” processes; therefore, 
each “batch” may yield devices with widely varying parameters, 
creating “families.” 

A large selection of plastic-encapsulated transistors is offered 
(TO-92, 1 Watt TO-92, SOT-23, SOT-89, Duals, and Quads). 

For those applications where higher power dissipation and 
hermeticity are required, Motorola offers a full line of transistors 
in several metal-can packages. 

FET’s include devices developed for operation from dc to UHF 
in switching and amplifying applications. 

A broad line of high frequency (RF) transistors with Fy’s up 
to 8 GHz are included for amplifiers, oscillators, mixers and 
switching applications. 

Devices which are qualified to JAN, JANTX, JANTXV, and 
JANS high reliability specifications are so noted in the applicable 
selector guides. 
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Plastic-Encapsulated Small-Signal Transistors 


CASE 29-02 
TO-92 


CASE 29-03 
1 WATT TO-92 


Motorola’s small-signal TO-92 plastic transistors encom- 
pass hundreds of devices with a wide variety of character- 
istics for general purpose, amplifier and switching appli- 
cations. The popular high-volume TO-92 package combines 
proven reliability, performance, economy and convenience 
to provide the perfect solution for industrial and consumer 
design problems. All Motorola TO-92 devices are laser 
marked for ease of identification and shipped in antistatic 
containers, as part of Motorola’s ongoing practice of main- 
taining the highest standards of quality and reliability. 


TABLE 1. General-Purpose Transistors 


In addition to the standard TO-92 devices listed in the 
following tables, Motorola also offers special electrical se- 
lections of these devices. Please contact your Motorola 
Sales Representative regarding any special requirements 
you may have. | 

In each of the following tables, the major specifications 
of the TO-92 transistor are given for easy comparison. 

Motorola TO-92 transistors are available in the radial or 
axial tape and reel formats. Lead forming to fit TO-5 or TO- 
18 sockets is also available. 


These general-purpose transistors are designed for small-signal amplification from dc to low radio frequencies. They are also useful 
as oscillators and general-purpose switches. The transistors are listed in order of decreasing breakdown voltage, V(BR)CEO- 


Pp @ Ta = 25°C = 625 mW) 
Vieryceo 


MPSs0g99 
MPS-A06 
MPSs098 
MPS-A05 
MPS651 
2N3904 
2N4401 
2N3903 
2N4400 
MPS-A20 
MPS650 
MPS6531 
MPS2222 
2N4123 
MPS3704 
MPS6513 
2N4124 
MPS6514 
MPS6515 
MPS$5172 
MPS6560 


MPS6601 . 


MPS6717 
MPSW06 
MPS6716 
MPSW05 
MPS6715 


-MPSWO1A 


MPS6714 
MPSWO01 


tTyp 


MOTOROLA SEMICONDUCTORS 


MPS8599 
MPS-A56 
MPS8598 
MPS-A55 
MPS751 
2N3906 
2N4403 
2N3905 
2N4402 


MPS-A70 


MPS750 
MPS6534 
MPS2907 
2N4125 
MPS3702 
MPS6517 
2N4126 
MPS6518 
MPS6519 


MPS6562 
MPS6651 


MPS6729 
MPSW56 
MPS6728 
MPSW55 
MPS6727 


MPSW51A 


MPS6726 
MPSW51 
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PLASTIC ENCAPSULATED SMALL-SIGNAL TRANSISTORS (continued) 


TABLE 2. High-Speed Saturated Switching Transistors 


The transistors listed in this table are specially optimized for high-speed saturated switches. They are heavily gold doped and 
processed to provide very short switching times and low output capacitance (below 6 pF). The transistors are listed in order of decreasing 
turn-on time (ton). 


V(BR)CEO VcE(sat) @ 


Device Volts Volts 
Type 
NPN 
2N4264 
2N4265 


MPS3646 
MPS2369 


PNP 


MPS3640 
MPS4258 
2N5771 


TABLE 3. RF/UHF/VHF Amplifiers and CATV Transistors 


The transistors listed below are high performance, high frequency standard transistors. The transistors are listed in order of decreasing 
fr min. 


V(BR)CEO @ Gain 
Volts Reduction 
dB 


MPS5179 
MPS-H17 
MPS6543 
MPS-H10 
MPS-H11 
MPS6547 
MPS918 
MPS3563 
MPS3866 
MPS-H08 
MPS-H34 
MPS6539 
2N5222 
MPS-H07 
MPS-H24 
MPS-H20 
MPS6540 
MPS-H32 
MPS-H30 
MPS3693 
MPS3694 
MPS-H04 
MPS-H05 


MPS-H81 
2N5208 

MPS-H54 
MPS-H55 


*Coe “IAGC tTyp 
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PLASTIC ENCAPSULATED SMALL-SIGNAL TRANSISTORS (continued) 


TABLE 4. Darlington Transistors 


Darlington amplifiers are cascade transistors used in applications requiring very.high gain and input impedance. These devices have 
monolithic construction and are listed.in order of decreasing voltage, V(BR)CES- 


Device and Polarity. V(BR)CES 


MPS-A29 

MPS-A28 

-MPS-A27 
MPSA77 


MPS-A26 


MPSA76 
2N6426 
2N6427 
MPSA25 | 
MPSA75 


MPSA14 
MPSA13 
MPSD04 
MPSA12 


MPSA64 
MPSA63 
MPSD54 
MPSA62 


1 Watt TO-92 


MPS6725 
MPS6724 
MPSW45 
MPSW14 
MPSW13 


MPSW64 
MPSW63 


TABLE 5. Low-Noise Amplifier Transistors 


Tne smaii-signai iransisiors iisted in this tabieé are characterized for low-noise amplification at low frequencies. The transistors are 
listed in decreasing order of noise figure (NF). 


BV(BR)CEO 
Volts 
Device Type 


2N6428 
2N4123 
2N6429 
2N4124 
2N6428A 
2N6429A 
2N5209 
2N5088 
MPS6520 
MPS6521 
2N5210 


MPS8097 

2N5089 

MPSA18 
_MPSA09 


PNP 


2N4125 
2N4126 
2N5086 
MPS6522 
MPS6523 
MPS4249 
2N5087 
MPS4250 
*MPS4250A 


*Audio = 10 Hz to 15.7 kHz. 
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PLASTIC ENCAPSULATED SMALL-SIGNAL TRANSISTORS (continued) 
TABLE 6. High-Voltage Transistors 


These high-voltage transistors are designed for driving neon bulbs and Nixie® indicator tubes, for direct line operation, and for other 
applications requiring high-voltage capability at relatively low collector current. The devices are listed in order of decreasing breakdown 


voltage, V(BR)CEO- 


V(BR)CEO VCE(sat) 


Device Volts Volts 
Type Min Max 


NPN 


MPS-A44 
2N6517 
MPS-A45 
2N6516 
MPS-A42 
2N6515 
MPS-A43 
MPS-D01 
2N5551 
2N5550 
MPS-LO1 


1 Watt TO-92 


MPS6735 
MPSW10 
MPSW42 
MPS6734 
MPSW43 
MPS6733 


2N6520 
2N6519 
MPS-A92 
2N6518 
MPS-A93 
MPS-D51 
2N5401 
2N5400 
MPS-L51 


1 Watt TO-92 
MPSW60 


MPSW92 
MPSW93 


TABLE 7. Choppers 


Devices are listed in decreasing (V(BR)EBO 


V(BR)EBO VCE(sat) 
Device Volts Volts 
Type Min Max 
NPN 
MPSA17 15 100 200 5.0 0.25 10 1.0 100 
MPSA16 12 100 200 5.0 0.25 10 1.0 80 


PN 


P 
MPS404A 25 150 30 12 0.20 24 1.0 , 
MPS404 12 150 30 12 0.20 24 1.0 


TABLE 8. Dual Diodes 


Dual diodes designed for use in low cost biasing, steering, and voltage doubler applications including series, common cathode and 
common anode diodes. 


VF 
Device Volts 
Type Description A Min/Max 


MSD6100 Switching 100 : 0.67/0.82 


MSD6102 Common Cathode 100 ; 0.67/1.0 
MSD6150 Common Anode 100 


SMALL-SIGNAL DEVICES ~ MOTOROLA SEMICONDUCTORS 


Microminiature Products 


CASE 318 


TO-236AA 
TO-236AB 


CASE 345-01 


Microminiature Space Saving Alternatives for Discrete Devices 


Awide variety of discrete components from Motorola’s repertoire 
of reliability-proven semiconductor processes and geometries 
are available in SOT (Small Outline Transistor) packages. Prod- 
ucts include Bipolar and Field-Effect Transistors; Switching, 
Zener and Varactor Diodes; and Silicon Controlled Rectifiers. 
The surface-mounted SOT devices are currently being used by 
circuit designers on Printed Circuit Boards and Ceramic Substrate. 

Some of the significant features of the SOT devices are: 

@ Complete Pretest Capability — all SOT’s are 100% 

electrically tested. 


e@ Handling and Assembly Ease — SOT’s can be placed on 
substrates either manually or by using automated handling 
equipment. 


® Reliability — SOT’s are subjected to the same rigid relia- 
bility test performed on all Motorola plastic packages. 


@ Small Size/Less Weight — Considerable size reduction and 
weight-saving is achieved in circuit designs using SOT 
technology. 

e Broad Line — Currently, Motorola offers over 250 standard 
discrete devices in the SOT packages. (Inquiries regarding 
customers’ special requirements are invited.) 

@ Marking Capability — A multi-digit code is /aser marked on 
every SOT device. 


TABLE 1. General-Purpose SOT-23 Transistors 


Pinout: 1-Base, 2- Emitter, 3-Collector 


Devices are listed in order of descending breakdown on 


@ Multi-Sources — Although Motorola was the first domestic 
supplier of SOT’s, today there are several U.S. manufac- 
turers, as well as many foreign sources for these devices. 


e Packaging — Motorola standard shipping method for 
SOT’s is in vials; additionally, in conjunction with the in- 
dustry trend to use automatic placement equipment for 
microminiature components, Motorola offers the SOT-23 
packaged in the 8mm tape and reel format. 


@ Standard SOT-23 VS Low Profile SOT-23 — Motorola of- 
fers both the standard SOT-23 outline (TO-236AA) and the 
new “Low Profile’ SOT-23 (TO-236AB). The only difference 
is the clearance from the bottom of the package to the 
surface of the cee mse 


Pa [a 
| Standard SoT-23 | 0.10 | 0.25 | 0.004 | 0.0098 | 
| Low Profile soT-23 —|_.01 | 0.10 | 0.0005 | 0.0040 | 


The “Low Profile” package is primarily designed for customers 
using two-sided printed circuit boards with the SOT-23’s mounted 
on the “bottom side” of the board, and with the nonsurface 
mounted device on the “top side.” Contact your Motorola rep- 
resentative for ordering instructions on “Low Profile’ SOT-23’s. 


Device Type [wane YBRICEO a _ ae ae @ Ic (rma a 


BCX70K 
BCX70J 
BCW72 
BCX70H 
BCW66G 
BCX70G 
BCW71 
BCW66F 
BCX19 
MMBT930 
MMBC1623L7 
MMBC 1623L6 
MMBC1623L5 
BSS79C 
MMBT2222A 
MMBT3904 
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MICROMINIATURE PRODUCTS (continued) 


TABLE 1. General-Purpose SOT-23 Transistors (continued) 


Pinout: 1-Base, 2-Emitter, 3-Collector 


Devices are listed in order of descending breakdown voltage. 


Device Type uerng Verceo) | Min [Max 1c inn a 


MMBT4401 
MMBC1623L4 
MMBC1623L3 
MMBT3903 
BSS79B 
MMBTA20 
MMBC 1622D8 
MMBC1622D7 
MMBC1622D6 
BCW60D 
BCW60C 
BCWE65C 
BCW60B 
BCW65B 
BCW60A 
BCWE65A 
MMBT2222 
MMBB601T 
BCW20 
MMBT4124 
BCW33 
BCW32 
BCW31 


BSS82C 
MMBT2907A 
MMBA811C8 
BCX71K 
MMBA811C7 
BCX71J 
BCW70 
MMBA811C6 
BCX71H 
BCW68G 
MMBA811C5 
BCW69 
BCX71G © 
BCW68F 
BCX17 
MMBA813S4 
MMBA813S3 
MMBA813S2 
MMBA812M7 
MMBA812M6 
MMBA812M5 
~ MMBT2907 
MMBT3906 
MMBT4403 
MMBA812M4 
MMBA812M3 
BSS80B 
BSS80C 
MMBTA70 
BCW61D 
BCW61C 
BCW67C 
BCW61B 


— 
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MICROMINIATURE PRODUCTS (continued) 


TABLE 1. General-Purpose SOT-23 Transistors (continued) 


Pinout: 1-Base, 2-Emitter, 3-Collector 


Devices are listed in order of descending breakdown voltage. 


Device Type [tig Vanceo) | Min | Max | @ Io uma a 


BCW67B 32 160 400 100 
BCW61A - 32 120 220 2 xe 
BCW67A DA 32 100 250 100 100 | 
MMBT4125 ZD 30 60 80 50 200 
MMBB709T ZB 25 400 650 2 = 
MMBB709S ZB 25 290 460 2 = 
BCX18 T2 25 100 600 100° — 
BCW30 C2 20 215 500 2 = 

~ BCW29 C1 20 120 260 2 = 


TABLE 2. SOT-23 Switching Transistors 


Pinout: 1-Base, 2-Emitter, 3-Collector 


Tore | varyoeo) [win [ae [1 tma)_| tr 


MMBT2369 


BSX39 bs 12 18 a 5 
BSV52 B2 12 18 12 40 
MMBC1621B4 B4 20 40 20 90 
MMBC1621B3 B3 20 40 20 60 


MMBC1621B2 20 


PNP | 


TABLE 3. SOT-23 Transistors, VHF/UHF Amplifiers, Mixers, Oscillators 


Pinout: 1-Base, 2-Emitter, 3-Collector 
ee Ge Cop 
Min (GHz) @ = {mA VBR ceo Max (PF) 


MMBT3960A 
MMBT3960 
MMBT6543 
MMBTH10 
MMBC1321Q2 
MMBC1321Q3 
MMBC132104 
MMBC1321Q5 
MMBT918 
MMBTH24 
MMBC1009F1 
MMBC1009F2 
MMBC1009F3 
MMBC1009F4 
MMBC1009F5 


PNP 


MMBT4260 
MMBT4261 
MMBTH81 


Haute an DMANNNNA ABS 
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MICROMINIATURE PRODUCTS (continued) 


TABLE 4. Chopper Transistors 


Pinout: 1-Base, 2-Emitter, 3-Collector 


PNP 
MMBT404 
MMBT404A 


TABLE 5. SOT-23 Darlington Transistors 


Pinout: 1-Base, 2-Emitter, 3-Collector 


VCE(sat) 
Max (V) 
1.5 


MMBTA14 ; 
MMBT6427 1.5 
MMBTA13 —_ 1.5 


PNP 
MMBTA64 2V 10K 10 30 1.5 
MMBTA63 2U 5.0 K 10 30 AS 


TABLE 6. Low-Noise SOT-23 Transistors 


Pinout: 1-Base, 2-Emitter, 3-Collector 


NPN | 
rr tr 
(Typ) VeR(ceO) | Min | Max | @lc(ma Min (MHz) 
1.0 30 1.0 


MMBT5088 1Q 50 
MMBT5089 1R 
MMBT2484 
MMBT6428 


MMBT6429 


PNP | 
MMBT5087 2Q 1.0 50 250 800 1.0 40 
MMBT5086 2P 15 50 150 500 1.0 40 


TABLE 7. High-Voltage SOT-23 Transistors 


Pinout: 1-Base, 2-Emitter, 3-Collector 


NPN 
MMBTA42 1D 
MMBTA43 
MMBC1654N5 
MMBC1654N6 


MMBC1654N7 
MMBT5550 


MMBC1653N2 
MMBC1653N3 
MMBC1653N4 


PNP 
MMBTA92 


MMBTA93 
MMBT5401 
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MICROMINIATURE PRODUCTS (continued) 


TABLE 8. SOT-23 Driver Transistors 


Pinout: 1-Base, 2-Emitter, 3-Collector 


NPN 


MMBTAO6 
BSS64 
MMBTA05 


PNP 


BSS63 
MMBTAS6 
MMBTAS55 


TABLE 9. RF SOT-23 Transistors 


Pinout: 1-Base, 2-Emitter, 3-Collector 


MMBR571 
MMBR930 
MMBR920 
MMBR91 1 


MMBR2060 
MMBR5031 
MMBR5179 
MMBR2857 
BFS17 
BFS17S 


TABLE 10. RF Junction Field-Effect SOT-23 Transistors 


Pinout: 1-Base, 2-Emitter, 3-Collector : 


N-CHANNEL 


ae ne ees | Seems, 
Marking | Typ (dB) | f (MHz) | Min(mmhos) | Max(mmhos) | Vps(v)_| VisRyGss 
MMBFU310 6C 1.5 18 10 
MMBF5484 2.0 6.0 15 


MMBF5486 
MMBF4416 
MMBFJ310 
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MICROMINIATURE PRODUCTS (continued) 


TABLE 11. General-Purpose Field-Effect SOT-23 Transistors 


Pinout: 1-Base, 2-Emitter, 3-Collector 


N-CHANNEL 


owt |g Wemvass_|_win (mmnos ox ston vos eee 
MMBF5457 
BFR30 
BFR31 


MMBF5459 


P-CHANNEL 


MMBF5460 is ie San RN Te Sk ERS Dae 


TABLE 12. Chopper/Switches, Junction Field-Effect SOT-23 Transistors 
N-CHANNEL 


ee ee ee 
non wan) [wn 


'DS(on) 
Max (Ohms) ViBR)GSS 
MMBF4391 
MMBF4860 
MMBF4392 


MMBF4393 


TABLE 13. SOT-23 Switching Diodes 


(Dual Unless Otherwise Noted) 
Diode Pinout: Noted Below 


Ro o| 
VBR Max Cyr 
Description Min rae (mA) Min (V) | Max (V) | @ Ip (mA) | Max (pF) 
0.1 — 1.0 10 4.0 


MMBD2836 Common Anode a 
BAW56 Common Anode 
MMBD2835 Common Anode 
BAV74 Common Cathode 
MMBD2838 Common Cathode 
BAV70 Common Cathode 
MMBD2837 Common Cathode 
MMBD6100 Common Cathode 
MMBD914 Single 
BAS16 Single 
BAL99 Single 
MMBD6050 Single 
BAV99 Series 
MMBD7000 Series 
NOTES: (1) IF = IR = 10 mA, VR = 5.0 V, IRR = 1.0mA 
(2) IF = IR = 10 mA, VR = 6.0 V, IRR = 1.0MA 
(3) Pinout: 1-Anode, 2-Anode, 3-Cathode 
(4) Pinout: 1-Anode, 2-Cathode, 3-Cathode and Anode 
(5) Pinout: 1-Cathode, 2-Cathode, 3-Anode 
(6) Pinout: 1-Anode, 2-N.C., 3-Cathode 
(7) Pinout: 1-N.C., 2-Anode, 3-Cathode 
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MICROMINIATURE PRODUCTS (continued) 


TABLE 14. SOT-23 Tuning Diodes 
Tuning Diode Pinouts: 1-Anode, 2-N.C., 3-Cathode 


an a aa Capacitance ae Fe 

BVR Ratio 
en 
(#A) | (PF) (V) (V) | (MHz) (V) | (mA) | (uA) | (V) 
TUNING DIODES 

pele | 26 | 

: ee aie 
|MMBV105G__| [2 ar 

MMBV2103 i ae BeSonic 
| 10 | | 300 | 

mone te tetetetets te tebe tite 
Cia AS 
mmpvzieg = |_ 4 | 30 | 10 | 297] 363| 4 | 27 | 33 | 200] 4 | so | — | — | — | 02] 2 


“PIN” eda ate SWITCH 


fwmevecot | ao [ [0 [—- [+1 | o[-[-[-[-;=-[T 7 ]-J[-[s]a) 
HOT CARRIER DIODES | 
po Ppa fa papa BE 
10 


jMMeoror | am | 4 | 10 | — 
[MmBps52 (Dual | 5G | 4 | 25 | — | 1 OS ie tes ess ie ve 
jmmppsor | se | so | wo | — |] | 2% | ~|-~j|-|- |=] = [12 | 


Notes: (1) Voltage such that CT = 9.0 pF. 


TABLE 15. SOT-23 Zener Diodes 
Pinout 1-Anode, 2-N.C., 3-Cathode (Tolerance + 5%) 


VZ (Nom) U.S. Device Pro-Electron Device 
Volts Standards — Equivalent Marking 


MMBZ5226 

MMBZ5227 

MMBZ5228 

MMBZ5229 

MMBZ5230 BZX84C4V7 
MMBZ5231 BZX84C5V1 
MMBZ5232 BZX84C5V6 
MMBZ5233 

MMBZ5234 BZX84C6V2 
MMBZ5235 BZX84C6V8 
MMBZ5236 BZX84C7V5 
MMBZ5237 BZX84C8V2 
MMBZ5238 

MMBZ5239 BZX84C9OV1 
MMBZ5240 BZX84C10 
MMBZ5241 BZX84C11 
MMBZ5242 BZX84C12 
MMBZ5243 BZX84C13 
MMBZ5244 

MMBZ5245 BZX84C15 
MMBZ5246 BZX84C16 
MMBZ5247 

MMBZ5248 BZX84C18 
MMBZ5249 

MMBZ5250 BZX84C20 
MMBZ5251 BZX84C22 
MMBZ5252 BZX84C24 
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MICROMINIATURE PRODUCTS (continued) 


TABLE 15. SOT-23 Zener Diodes (continued) 
Pinout 1-Anode, 2-N.C., 3-Cathode (Tolerance + 5%) 


VZ (Nom) U.S. Device Pro-Electron Device 
Volts Standards Marking Equivalent Marking 
Y10 


MMB25253 81D 
MMBZ5254 
MMBZ5255 
MMB2Z5256 
MMBZ5257 


BZX84C27 


BZX84C30 
BZX84C33 


Y11 
Y12 


TABLE 16. SOT-23 Silicon Controlled Rectifier 
Rectifier Pinouts: 1-Cathode, 2-Gate, 3-Anode 


| Device | Marking =| tema) | Vexmima) | tar(#a) | Var) 
5ST 


MMBS5062 500 200 8 5 
MMBS5061 5S 500 200 8 5 
MMBS5060 5R 500 200 8 5 


TABLE 17. SOT-23 Silicon Programmable Unijunction Transistors 


Transistor Pinouts: 1-Cathode, 2-Gate, 3-Anode 


| Device | Marking | tram (Amp) (1) | Irsm (Amp) (2) | Max (uA) Ip (3) Max (uA) ly (3) | Max (V) Ve 
PMMBPUISI | 62 — [i i ee ee | 


NOTES: 

1. Repetitive Peak Forward Current 
100 us Pulse Width 
1.0% Duty Cycle 

. Non-Repetitive Peak Forward Current 
10 ws Pulse Width 

. Vg = 10 Vde, RG = 1.0 mQ 


ae) 


wo 


TABLE 18. SOT-89 Transistors 


Pinout: 1-Base, 2-Collector, 3-Emitter 


General Purpose 


PNP 
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MICROMINIATURE PRODUCTS (continued) 


| TABLE 18. SOT-89 Transistors (continued) 


| Pinout: 1-Base, 2-Collector, 3-Emitter 


High Voltage 


NPN 
MXTA44 400 50 200 10 — 
MXTA42 300 40 —_ 10 50 
MXTA43 200 50 200 30 — 
PNP 
MXTA92 300 40 _ 10 50 
MXTA93 200 30 150 30 50 
Darlingtons | 
eC“ CSC‘isz Voe(eat) 
Device Pin Mex | @ I (ma) VBR(CBO Max (V) 
NPN | 
MXTA27 10K 10 60 1.5 
MXTA14 10K 10 30 1.5 
PNP 
MXTA77 Pp tok | CTT eT et 
RF 


BFQ19 50 
BFQ18A — 
MXR5943 50 
BFQ17 150 
MXR3866 50 
PNP 
MXR5583 1000 40 . 30 25 100 100 
MXR5160 500 50 40 10 ae 50 
*Typ 
MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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Meta! Small-Signal Transistors 


CASE 20-03 CASE 22-03 CASE 26-03 CASE 27-02 CASE 79-02 
TO-72 TO-18 TO-46 TOQ-52 TO-39 


Motorola Small-Signal Metal Can Transistors are designed for TO-46, TO-52, and TO-72. 

use as General-Purpose Amplifiers, High-Speed Switches, High- The following selector guide tables also indicate those Mo- 
Voltage Amplifiers, Low-Level/Low-Noise Amplifiers, High-Fre- torola small-signal metal can transistors which are qualified to 
quency Oscillators, Choppers, and Darlingtons. These devices MIL-19500 high-rel requirements. Devices are available in the 
are manufactured in a variety of packages, i.e., TO-18, TO-39, JAN, JANTX, JANTXV and JANS versions as specified. 


TABLE 1. Switching Transistors 


The following devices are intended for use in general-purpose switching and amplifier applications. Within each package group 
shown, the devices are listed in order of decreasing turn-on time (ton). 


V(BR)CEO VCE(sat) 
Device Volts Volts @ Ic @ Ip 
Package Type i i 


2N2369AT 
2N3227 


350(typ) 
200 
450 


2N3736 
2N3737# 
2N3647 
2N3648 
2N3508 
2N3509 


2N2894 
2N869A** 
2N3546 
2N4208 
MM4258 
2N4209 


“*JAN available “JAN/JANTX available TJAN/JANTX/JANTXV/JANS available #JAN/JANTX/JANTXV available 
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METAL SMALL-SIGNAL TRANSISTORS (continued) 


TABLE 1. Switching Transistors (continued) 


V(BR)CEO VCE(sat) 


Device Volts Volts @ Ic @ Ip 
Package Type Min i 


PNP 


2N3634# 

2N3635# 

2N3636# 

2N4036 

2N4030 0 | 240(typ) 
2N4031 240(typ) 
2N4032 -| 240(typ) 
2N4033# -| 240(typ) 
2N4406 

2N4407 

2N3245 

2N3244 

2N3467# 

2N3468# 

2N3762# 

2N3763# 

2N4404 

2N4405** 

2N5022 

2N5023 


“JAN available “JAN/JANTX available TJAN/JANTX/JANTXV/JANS available #JAN/JANTX/JANTXV available 


TABLE 2. High-Gain Low-Noise Transistors 


These transistors are characterized for high-gain and low-noise applications. Devices are listed in decreasing order of NF. 


NF 
Wideband V(BR)CEO 
Typ* Max Volts 


2N2484#4 
2N930A 
2N930"* 


NPN DARLINGTON 


ree [wee [Teo Ts 


2N3962 
2N3963 
2N3965 
2N3964 


2N3798 
2N3799 


TO-46 2N2604 4.0 45 40 120 0.01 30 0.5 
2N2605# © 4.0 45 5a 100 300 0.01 30 0.5 
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METAL SMALL-SIGNAL TRANSISTORS (continued) 


TABLE 3. High-Frequency Amplifiers/Oscillators 


The transistors shown are designed for use as both oscillators and amplifiers at UHF and VHF frequencies. Devices are listed in 
decreasing order of V(BR)CEO with each line. 


V(BR)CEO 
Device Volts 
Package Type Min 


NPN 


[rose [wneet [ae [as [ee oo [ef 
[tore [aneet [is [2 [a0 [1s | eo | eo | wo | a0 [a7 


PNP 
| 20 | 7 | 45 | 200 | 300 


TO-72 2N4261 # —— — 10 1600 — — 5 
2N4260 15 30 10 2000 10 2.5 


*JAN available ™JAN/JANTX available TJAN/JANTX/JANTXV/JANS available #JAN/JANTX/JANTXV available 


TABLE 4. High-Voltage/High-Current Amplifiers 


The following table lists Motorola standard devices that have high Collector-Emitter Breakdown Voltage. Devices are listed in 
decreasing order of V(BR)CEO within each package type. 


V(BR)CEO VCE (sat) 
Volts Volts @ Ic & Ip 
Min i mA 


NPN 


MM8520 
2N3439# 
MM421 
2N3742 
2N5058 
MM420 
2N3440# 
MM3003 
2N4927 
2N5059 
MM3002 
2N4926 
MM3009 
MM3001 
2N3114 
2N3500# 
2N3501# 
2N3712 
2N5682 
MM3008 
2N657 
2N3498# 
2N3499# 
2N4924 
MM3007 
2N5681 
MM3006 
2N4239 
MM3005 
2N656 
2N4238 
2N4237 


#JAN/JANTX/JANTXV available 
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METAL SMALL-SIGNAL TRANSISTORS (continued) | 


TABLE 4. High-Voltage High-Current Amplifiers (continued) 


V(BR)CEO VCE (sat) 
Device Volts Volts 
Package Type Min i Max 


2N6433 
2N6432 
2N3497 
2N3496 


2N3743# 
@2N5416# 
MM4003 
2N4931# 
MM4002 
2N4930# 
@2N5415# 
2N3637# 
2N3636# 
2N4929 
MM4001 
2N3635# 
2N3634# 
2N3495 
2N5680 
MM4000 
MM5007 
2N4928 
2N5679 
MM5006 
2N3494 
2N4236 
2N4036 
MM5005 
2N4235 
2N4234 


#JAN/JANTX/JANTXV available 


TABLE 5. General-Purpose Amplifiers 


These transistors are designed for dc to VHF amplifier applications, general-purpose switching Prenat and complementary 
circuitry. Devices are listed in decreasing order of V(BR)CEO within each package group. 


V(BR)CEO 
Device Volts 
Package Type Min 


2N2896 
2N3700# 
2N2895 
2N956 
2N2897 
2N718 
2N2221A# 
2N2222A# 


2N3946 
2N3947 
2N2222# 
2N3302 
2N916* 


2N1711 
2N3019# 
2N3020 
2N1613# 
2N2193A 
2N2270 
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METAL SMALL-SIGNAL TRANSISTORS (continued) 


TABLE 5. General-Purpose Amplifiers (continued) 


V(BR)CEO 
Volts 


2N697 
2N2218A# 
2N2219A# 
2N3053 
2N2218# 
2N2219# 
2N3300 


TO-46 2N5581** 
2N5582** 

TO-52 MM3903 40 250 10 200 
MM3904 40 300 10 200 


2N4026 
2N4027 
2N4028 
2N4029 
2N2906A# 
2N2907At 
2N3250A# 
2N3251A# 
2N2906# 
2N2907# 
2N3250 
2N3251 
2N869 


MMS5007 
MMS5006 
2N4031 
2N4033# 
2N4404 
2N4405** 
MM4036 
2N4036 
2N4037 
MM5005 
2N2904A# 
2N2905At 
2N4030 
2N4032 
MM4037 
2N1131A 
2N1132A 
2N2904# 
2N2905# 
2N1132"* 


2N3485A™* 


2N3486A** 
2N3673 
2N3486 40 200 50 
TO-52 MM3906 40 250 10 200 100 300 10 
MM3905 40 200 10 200 50 150 10 
“JAN available “JAN/JANTX available #JAN/JANTX/JANTXV available 
SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


Offset Voltage On-State Resistance 
(BREBO VEC(ofs) Tec(on) 
Package Min V BR leo Max (mV) Max (2) 


METAL SMALL-SIGNAL TRANSISTORS (continued) 


TABLE 6. Choppers 


Devices are listed in decreasing V (BR)EBO- 


TO-46 2N2946 
2N2946A 
-2N5230 
. 2N5231 
2N2945A 
2N2945 
2N5229 


JAN/JANTX available 
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Multiple Small-Signal Transistors 


CASE 20-03 CASE 22-03 


TO-72 TO-18 


CASE 632 


The trend in electronic system design is toward the use of in- 
tegrated circuits — to reduce component cost, assembly cost, 
and equipment cost. But ICs still aren’t all things to all people, 
and for those circuit designs where ICs are not available, there 
is a noticeable swing towards the use of multiple devices.* 
Motorola is reacting to this expanding market requirement by 
making available a large selection of Quad, Dual, and Darlington 
transistors for off-the-shelf delivery. The chips used in the Quad 
and Dual transistors are those that have emerged as the most 
popular ones for discrete transistor applications. But even be- 


Specification Tables 


CASE 607-04 CASE 610A-04 


CASE 646 


yond that, Motorola offers its entire vast repertoire of discrete 
small-signal transistors for multiple-device packaging. For spe- 
cial applications where the devices in this brochure might not 
quite fit the design requirements, special configurations can be 
supplied with quick turnaround time and at low premiums. 


*Multiple devices, as described here, encompass two or 
more transistor chips in a single package. Included in this def- 
inition are the Darlington transistors which consist of two inter- 
connected devices functioning as a single-stage amplifier. 


The following short form specifications include Quad and Dual transistors listed in alphanumeric order. Some columns denote two 
different types of data indicated by either bold or italic typeface. See key and headings for proper identification. 


KEY 


TYPE NO. 


Ref Point 
Subscript 


Alphanumeric listing 
type numbers 


Identification Code 
Ist Letter: Polarity A — ampere 
C — both types in m— mA 
multiple device u - HA 
N — NPN 
P — PNP 
2nd Letter; Use 
A — General Purpose Amplifier 
E — Low Noise Audio Amplifier 
F — Low Noise RF Amplifier 


G — General Purpose Amplifier 
and Switch 


H — Tuned RF/IF Amplifier 
M — Differential Amplifier 
S — High Speed Switch 


Product. 


Common-emitter 
DC Current Gain. 


Units for test current: 


Current-Gain-Bandwidth 


Continuous (DC) Collector Current 


~ |PACKAGE 
(saj@— & Ile TO- {Case 
vos) 'B | No.| No. 
Max 


Gp — Power Gain JEDEC Outline/ 
NE — Noise Figure Motorola Package 
f — Test Frequency Outline. 
AUD — 10-15k Hz 
Frequency Units: 
H - Hertz 
K - kHz 
M - MHz 
G - GHz 
VCE(sat) — Collector-Eritter Saturation Voltage 
Ic ~— Test Current 
Current Units: 
u- pA 
m--mA 
A -Amp 


heeq/heE2 — Current Gain Ratio 
Vpe — Differential Base Voltage |Vge1 — Vgezi. 


Differential Amplifiers 
ton — turn-on time 


Rated Minimum Collector-Emitter Voltage 
Subscript letter identifies base termination 
die rating. listed below in order of preference. 


toff — turn-off time 
Power Dissipation specified at 25°C. Single 
Output Capacitance, common-base. Shown without distinction: 
Cech -- Collector-Base Capacitance 

Cre —- Common-Emitter Reverse Transfer Capacitance 


SUBSCRIPT: 
0 ~ VCEQ, open 


Ref. Point: A- Ambient temperature 
C - Case temperature 
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MULTIPLE SMALL-SIGNAL TRANSISTORS (continued) 


TABLE 1. Quad Transistors 


PACKAGE 


TO- |Case 
No. | No. 


TYPE NO. 


Ref. Point 
Subscript 


MHQ918 
MHQ2221 
MHQ2222+ 
MHQ2369 
MHQ2483 
MHQ2484 


MHQ2906 
MHQ2907t 
MHQ3467t+ 
MHQ3546 
MHQ3798 
MHQ3799 


MHQ4001A 
MHQ4002A 
MHQ4013tt 
MHQ4014 
MHQ6001 
MHQ6002 


MHQ6100 
MPQ918 
MPQ1000 
MPQ2221 
MPQ2221A 


MPQ2222 
MPQ2222A 
MPQ2369 
MPQ2483 
MPQ2484 
MPQ2906 
MPQ2906A 
MPQ2907 
MPQ2907A 


MPQ3303 
MPQ3467 
MPQ3546 
MPQ3725t 
MPQ3725A 
MPQ3762 


MPQ3798 
MPQ3799 
MPQ3904 
MPQ3906 


O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 


t H, HX, and HXV Suffixes also available. 
tt MHQ4013 is electrically equivalent to MHQ3725. 
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MULTIPLE SMALL-SIGNAL TRANSISTORS (continued) 


TABLE 1. Quad Transistors (continued) 


PACKAGE 
TO- |Case 
No. 


TYPE NO. 


Ref. Point 
Subscript 


MPQ6001 
MPQ6002 
MPQ6100 
MPQ6100A 
MPQ6501 
MPQ6502 


MPQ6600 
MPQ6600A 
MPQ6700 
MPQ6842 
MPQ7041 
MPQ7042 
MPQ7043 


MPQ7051 
MPQ7052 
MPQ7053 
MPQ7091 
MPQ7092 
MPQ7093 
MQ918 


MQ930 
MQ982 
MQ1120 
MQ1129 
MQ2218 
MQ2218A 
MQ2219 
MQ2219A 


MQ2369 
MQ2484 
MQ2904 
MQ2905A 
MQ3251 
MQ3467 


MQ3725 
MQ3762 
MQ3798 
MQ3799 
MQ3799A 
MQ6001 


MQ6002 
MQ7001 
MQ7003 
MQ7004 
MQ7005 
MQ7007 
MQ7021 


2N5146 
2N6501 


2.3 


R02 Cer: | 0: 00:00:00 00 00 00: | = UC OT OV OVO! | OVO) OF Fee Ps 00 O02 
SOCDDOD/DDOCOOOCOO|NOOCOOO/OOCOMMOO|OCO 


Pols l3 S33 3 eee Ps 2a S 2c Ssis S33 SS S23 S35 353 23 SSeS 33 41359 343:32 


PEPiPoOPOEYIPSPLSSYEYIF>FSPPEPSYISFRPYPPYEYKrEyYPiPrPrPYryYPyYPyYP rryrYryryryYrirrrpryryY 
DOO /IOOOOOCSO|OOVOOO OOOO VO|OOVOOCOO|OCOODOOCO!|OOCOCCO|OC00O000 


Some columns show 2 different types of data indicated by either bold or /talic typefaces. See key and headings. 


TABLE 2. QUAD TMOS FETS (N CHANNEL) 


10[ 10 [60 | 6 | 10 | 50 | 15] 70] 2 | 10] a | is | 15 
rurcenoc [ea lroalso tes lWvesl1a lt [oo [so Te [eo [asm tos [we tos be Ls] 
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MULTIPLE SMALL-SIGNAL TRANSISTORS (continued) 


TABLE 3. Dual Transistors 


MFE1[\VBeE | Gp NF @f 


PACKAGE 
TO-| Case 
No.; No. 


TYPE NO.- 


Ref. Point 


MD708 NG|} O55 A O; 02 m| 300]{ 5.0 654 
MD708A NM| 0.55 A O}| 02 m | 300| 5.0 654 
MD708AF NM{ 0.35 A On}; 02 m}| 300] 5.0 610A 
MD708B NM| 0.55 A O} 02 m| 300] 5.0 654 
MD708BF NM| 0.35 A O| 02 m{ 300] 5.0 610A 
MiD708F NG! 035A 0}. 30:2 m | 300] 5.0 610A 
MD918 NF| 0.55 A O | 0.05 m {| 600] 1.7 654 
MD918A NM| 0.55 A O | 0.05 m| 600} 1.7 654 
MD918AF |} NM} 0.35 A O | 0.05 m | 600 | 1.7 610A 
MD918B NM| 0.55 A O | 0.05 m| 600] 1.7 654 
MD918F,BF; NF{| O35 A O | 0.05 m{ 600] 1.7 610A 
MD982,F PA| 040A O| 06 m| 200| 80| 610A 
MD984 PA| 575A O| 0. m 654 
MD985 CA A O;| 0. m 8.0 654 
MD985F CA A O; 0. m 8.0 610A 
MD986 CA A O| 0. m 4.0 654 
MD986F CA A O}; O. m 4.0 610A 
MD1120 NM A O| 0. m 8.0 654 
MD1120F NM A O| 0. m 8.0 610A 
MD1121 A O; 0. m 8.0 654 
MD1121F A O| 0. m 8.0 654 
MD1122 A O} 0. m 8.0 654 
MD1122F A OO] 0. m 8.0 654 
MD1123 A O|} 0. u 4.0 654 
MD1129 A Oi) 0; m 8.0 654 
MD1129F A O} 0. m 8.0 610A 
MD1130 A O| 0. u 4.0 654 
MD1130F A O| 0. u 4.0 610A 
MD1132 A O| 0.0 m 1.7 654 
MD2060F A O| 0. m 15 654 
MD2218 A O| 0. m 8.0 654 
MD2218A A O| 0O. m 8.0 654 
MD2218AF A Oo} 0. m 8.0 610A 
MD2218F A O} 0. m 8.0 610A 
MD2219 A O| 0. m 8.0 654 
MD2219A A O}| 0. m 8.0 654 
MD2219AF A Ol! 0, m 8.0 610A 
MD2219F A O| 0. m 8.0 610A 
MD2369 A O; O. m 4.0 654 
MD2369A A oO} 0. m 4.0 654 
MD2369AF A OO} 0. m 4.0 610A 
MD2369B A OO]; 0. m 4.0 654 
MD2369BF A O| 0. m 4.0 610A 
MD2369F NS| 035A O] 0. m 4.0 610A 
MD2904 PG | 0575 A 0} 0; m 8.0 654 
MD2904A PG |0.575 A O| 0. m 8.0 654 
MD2904AF | PG | 0.350 A O| 0. m 8.0 610A 
MD2904F PG | 0.350 A Gilb.-n0: m 8.0 610A 
MD2905 PG | 0.575 A O} 0. m 8.0 654 


Some columns show 2 different types of data indicated by either bold or italic typefaces. See key and headings. 
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MULTIPLE SMALL-SIGNAL TRANSISTORS (continued) 


TABLE 3. Dual Transistors (continued) 


heey AVBE 


E a| | f Cc t t V / 
sly = Cc T ob on off CE 'C ~ | PACKAGE 
TYPE NO. ID One = Ga Amp | FE @ lc = MHz pF ns ns (saA}@— &le 5| TO- [Case 
Die 3 rn | Max | min | = Max | Max | Max ie lB | No.} No. 
Max 


0.9| 5.0 
0.8 10 


MD2905A | PG [0.575 Al 600 8.0 
MD2905AF | PG | 0.35 A O 8.0 
MD2905F | PG | 0.35 A O 8.0 
MD3250 PA | 0575 O 6.0 
MD3250A | PM| 0.57 5 O 6.0 
MD3250AF | PM| 0.35 A O 6.0 
MD3250F | PA A O 6.0 
MD3251 PA A O 6.0 
MD3251A | PM A O 6.0 
MD3251AF | PM A O 6.0 
MD3251F | PA A O 6.0 
MD3409 NM A O 8.0 
MD3410 NM | 0.575 A O 8.0 
MD3467 PS | 060A O 
MOD3467F | PS | 0.35 A O 
MD3725 NS | 0.60 A O 
MD3725F | NS| 0.35 A O 
MD3762 PS | 060A O 
MD3762F | PS | 035A O 
MD5000 PH| O3A O 

A O 

A O 


MD5000A PM 0. 
MD5000B PM O 


+— tt 
MD6001 CG | 575 654 
MD6001F CG} 0.35 610A 
MD6002 CG | 575 654 
MD6002F CG {| 0.35 610A 
MD6003 CA 654 
MD6003F CA 610A 
MD6100 CA 654 
MD6100F CA 610A 
MD7000 NA 654 
MD7001 PA 654 


610A 
654 
654 
654 
654 
654 


610A 
654 


MD7001F PA 
MD7002 NA 
MD7002A NM 
MD7002B NM 
MD7003 NA 
MD7003A NM 


MD7003AF | NM|{ 0.35 
MD7003B NM | 0.55 


MD7003F NA | 0.35 610A 
MD7004 NA | 0.55 654 
MD7004F NA} 0.35 610A 


S23 33:3 3/3 3:ce e313 3339333333 133 3 Sips 3339 3333331333333 


POF YISPYEYEYrYyYlroryryryYpyYpypryryryp 
OOODDO |OOOOCOO|OCOVOOOC|O000 
WAR ARHADAIDAHAAAAO|OWMDHAWMW/WOMOMOM)—--—-= 
CODDODOJODDDDOO/|OOOOCOO|OOOO JNNN 


MD7005 PA | 0.55 654 


Some columns show 2 different types of data indicated by either bold or italic typefaces. See key and headings. 
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MULTIPLE SMALL-SIGNAL TRANSISTORS (continued) — 


TABLE 3. Dual Transistors (continued) 


heey SVBE 


E a] 4 f Cc fo. WMitegeel| Wie dae 
o|V = Cc T ob on ~ | PACKAGE 
6 ’ + 
TYPE NO. ID One z cae Amp hee @ Ic E MHz pF ns 5 | TO-| Case 
ae 2 Z Max Nic | No.} No. 


MD7005F 


0.35 Al 12 0 m m 610A 
MD 7007 0.575 Al 400 m m 654 
MD7007A A O m m 654 
MD7007B A O m m 654 
MD7007BF A O m m 610A 
MD7007F A O m m 610A 
MD7021 A O m m 654 
MD7021F A O m m 610A 
MD8001 A O m 654 
MD8002 A O m 654 
MD8003 A O m 654 
2N2060 5SA O u 0.9 H 654 
2N2060A O.5 A O u 0.9 m 654 
2N2223 O05 A O u 0.8 m 654 
2N2223A O5A O u 0.9 m 654 
2N2453 05 A O u 0.9 H 654 
2N2453A 0.5 Al. O u 0.9 H 654 
2N2480 _O3A O m 0.8 H 654 
2N2480A O03 A O m 0.8 m 654 
2N2639 O03 A O u 0.9 654 
2N2640 0.3 A O u 0.8 654 
2N2641 0.3 A O u 654 
2N2642 0.3 A O u 0.9) 5. 654 
2N2643 0.3 A O u 0.8 1 654 
2N2644 0.3 A O u 654 
2N2652 0.3 Al- O m £85) 3.0 654 
2N2652A 0.3 A O m 0.9| 3.0 654 
2N2720 0.3 A O m 0.9 5.0 654 
2N2721 03 A O m 0.8 10 654 
2N2722 0.3 A O u 0.9) 5.0 654 
2N2903 0.6 C O m 0.8 10 7.0 654 
2N2903A 0.6. C O m 0.9 5.0 7.0 654 
2N2913 0.3 A O u 4.0 |AUD 654 
2N2914 0.3 A O u 3.0 ;AUD 654 
~ 2N2915 0.3 A O u 0.9 5.0 4.0 |AUD 654 
2N2916 0.3 A O u 0.9| 5.0 3.0 |AUD 654 
2N2917 O03 A O u 0.8 10. 4.0 |AUD 654 
2N2918 0.3 A O u 0.8 10 3.0 |AUD 654 
2N2919 O3A O u 0.9 5.0 4.0 |AUD 654 
2N2920 0.3 A O u 0.9} 5.0 3.0 |AUD 654 
2N3043 25 A O u 0.9 5.0 5.0 ;AUD 610A 
2N3044 25 A O u 0.8 10 5.0 ;|AUD 610A 
2N3045 25 A O u 5.0 |AUD 610A 
2N3046 25 A O u 0.9} 5.0 5.0 |AUD 610A 
2N3047 25 A O u 0.8 10 5.0 |AUD 610A 
2N3048 25 A O u 5.0 |AUD 610A 
2N3726 0.4 A O 4.0 11000 H 


| 654 


Some columns show 2 different types of data indicated by either bold or italic typefaces. See key and headings. 
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TABLE 3. Dual Transistors (continued) 


TYPE NO. 


Ref. Point 


Subscript 
Unit 


MULTIPLE SMALL-SIGNAL TRANSISTORS (continued) 


hFE1|AVBE 


Unit 


PACKAGE 
TO- | Case 
No.| No. 


2N3727 4A O m | 200 H 654 
2N3806 05 A O m H 654 
2N3807 O5A O m H 654 
2N3808 0.5 A O m H 654 
2N3809 0.5 A O m H 654 
2N3810 0.5 A O m H 654 
2N3810A 0.5 A O m H 654 
2N3811 O05 A O m H 654 
2N3811A 0.5 A O m H 654 
2N3812 0.5 A O m 610A 
2N3813 O05 A O m 610A 
2N3814 0.5 A O m H 610A 
2N3815 0.5 A O m H 610A 
2N3816 0.5 A O m H 610A 
2N3816A 0.5 A O m H 610A 
2N3817 0.5 A O m H 610A 
2N3817A 0.5 A O m H 610A 
2N3838 25 A O m H 610A 
2N4015 0.4 A O m 8.0 H 654 
2N4016 O4A O m 8.0 H 654 
2N4854 0.3 A O m 8.0 H 654 
2N4855 0.3 A O m 8.0 H 654 
2N4937 0.6 A O m 5.0 654 
2N4938 0.6 A O m 5.0 654 
2N4939 PE| O6A O m 5.0 654 
2N4940 PM| O06 A O m 5.0 610A 
2N4941 PM| 0.6 A O m 5.0 610A 
2N4942 PE| O6A O m 5.0 610A 
2N5793 NG| O5A O m 8.0 654 
2N5794 NG| O5A O m 8.0 654 
2N5795 NG| O5A O m 8.0 654 
2N5796 NG| O5A O m 8.0 654 
2N6502 NS| O6A O m 10 0.3 | 10 654 
2N6503 NS| O6A O m 10} 35| 60] 03 | 10| 100 610A 


Some columns show 2 different types of data indicated by either bold or Italic typefaces. See key and headings. 
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Field-Effect Transistors 


CASE 20-03 CASE 22-03 
TO-72 TO-18 
CASE 79-02 
TO-39 


Motorola offers a line of field-effect transistors that encom- 
passes the latest technology and covers the full range of FET 
applications. Included here is a wide variety of junction FETs, 
MOSFETs (with P- or N-channel polarity with both single and 
dual gates) and TMOS FETs. These FETs include devices de- 
veloped for operation across the frequency range from dc to 
UHF in switching and amplifying applications. Package options 


CASE 27-02 
TO-52 


CASE 29-02 CASE 29-03 
TO-92 TO-92 
1 WATT 
CASE 317-01 
Macro-X 


from low cost plastic to metal TO-72 packages are available. 
The selector guides on the following pages are designed to 
emphasize those FET families and device types that, by virtue 
of widespread industry use, ease of manufacture and, conse- 
quently, low relative cost, merit first consideration for new equip- 
ment design. 


JFETs ‘i 
JFETs 
G P-CHANNEL 
TABLE 1. Switches and Choppers 
JFETs operate in the depletion mode. They are available in both P- and N- S 
channel and are offered in both metal and plastic packages. Applications include D 
general-purpose amplifiers, switches and choppers, and RF amplifiers and mixers. 
These devices are economical and very rugged. The drain and source are inter- 
changeable on many typical FETs. G N-CHANNEL 
P-Channel JFETs S 


Package 
TO - 


fig ee 

| 

2N3993 

| 72 ([2nsooa | 800 

a aes = 

N-Channel JFETs 

MFE2012 a 

MFE2011 

ee 
|MPF4859A 
j2NaescA 


2N4856 


-MPF4856 


eed 
a 
| 92 | MPF4es6A 
| 8 
| s2 | 
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N-Channel JFETs (continued) | 
V(BR)GSS 
V@S(off) V(BR)GDO | Ciss | Crss 
(V) 
(ns) (ns) 
MAX | MAX 
25 


80 | 90 | 

50 20 | 10 | 
3.5 

92 to | 40 | 90 | 
18 16 
92 16 
16 

25 


Package 


18 __| 2N4859 2 | — | 40 | 10 50 

92 | — | 40 | 10 | 50 | 
18 
18 
92 


= 

oO 

I 

=o 
SS 
<~” 
Eo ® 
= 

z 

= 

> 

x< 

= 

~ i] 


(Fe) (ee) -_~ 
oO ;oO — 
— —_ 

.C | 


2 
25 3 
2 
2 


ah 
ol 


5 
5 
40 0) 
20 0 
30 
40 40 
40 40 
35 35 
40 


| 10 

(ae 

| 16 | 5.0 
92 Sot 

| 16 


/MPF4859 
|MFE2O10 
enasor | 
|MPF4391 
2N63B 
2naosy 
|MPF4091 
ETT ne . . 10! 
18__|mrezooe | 30 | 4.0 | ~50 | -10 | 30 | — | 
18 30 40 | 2 | 60 | 20 | 
92 30 4 | 2 | 60 | 20 | 
|2N4057A 
|MPF4857A 
-2NB60A 
|MPF4860A 
2Nass7 | 
|MPF4857 


18 
92 


Q |[®@ 
oO 1o 


or 

ron) 
2 

ron) 


ine) 
siz 
n1| 
a |O 
mo | 
oi |N 
~y | > 
> 
hit 
ee 
Nm |r 
one) 


aS 

ro) 
i) . 
° 
2 
io) 
5 
=) 
ro) 
w 


18 


q 
—< 
=k 
= 
w 
(eo) 
ki 
oO 
w 
(2) 
—s 
oO 
ine) 
jo) 


o | 1 | 35 | 1 | 40 


| 40 | | 40_| 
92 _| MPF4860A ee ee | 40 | 
18___| 2N4857 | ao | — | 20 | roo | 40 | 18 | ao | 10 | 50 | 
| 92 | MPF 4867 | 4 [ — | 20 | 60 | 20 | to | 4 | 18 | 80 | 10 | 50 | 
4o_ | — | 20 | 60 | 20 | 100 30 1a | so | 10 | 50 | 
| 92 |mpraco | go | ~~ | 20 | oo | 20 | 10 | 30 | ie | 80 | to | 50 | 
| 92 _fonsess —«i|_so | 10 | — | cat | 4 | — | 30 | 1 | a5 | 90 | 15 
| 1g fanaa | so | to | 20 | zo | is | — | 40 | i6 | 50 | 35 | oo | 
| 92 [mpraooe | 0 | to | 20 | 70 | is | — | 4 | 16 | 50 | 35 | oo | 
10 | 10 | 50 | 50 | — | 35 | ot 
| ts [Mrezoos | 50 | 0 | -20 | -ao | 15 | — | -30 | 16 | 50 | 35 | 60 | 
| ie fanasor | co | to | 20 | 50 | 2 | 7s | 40 | 4 | 35 | 15 | 35 | 
| 92 |Mprazez2 | co | to | 20 | 50 | 2 | 75 | 20 | 1 | 35 | 15 | 35 | 
| te fanaesea | co | to | os | 40 | ao | so | 40 | 1 | 35 | 16 | 80 | 
| 92 |mprasea | co | to | os | 40 | 80 | so | 40 | to | 35 | 16 | 80 | 
| te fanasoia | co | — | os | 40 | so | so | 30 | 1 | 35 | 16 | 80 | 
| 92 [Mpraesta | co | — | of | 40 | ao | so | 30 | 10 | 35 | 16 | 80 | 
| 92 jensen =| co | to | — | wot] 2 | — | 3 | 10 | 40 | 14 | 30 | 
| 18 tensors | co | to | 20 | 50 | 2 | 7s | 40 | 2s | oo | 30 | oO 
| 92 [wprso71 | co | to | 20 | 50 | 2 | 7 | 40 | 2 | 60 | 30 | 60 | 
| 18 fanassas | co | — | os | 40 | so | ao | 40 | 18 | 80 | 20 | 100 
| 92 [mprasse =| co | — | o8 | 40 | 80 | so | 40 | 18 | 80 | 20 | 100 | 
| te fangssr | co | — | os | ao | ao | so | 30 | 18 | 80 | 20 | 100 | 
| 92 [mprascr = | co | — | o8 | 40 | 80 | so | 30 | 18 {| 80 | 20 | 100 | 
| ie fangs | co | to | 40 | 50 | a | — | 4 | 1 | 50 | 6 | 80 | 
| 92 |uprgo03 =| co | to | to | 50 | eo | — | 4 | 1 | 50 | 6 | 80 
|i |mrezooa | co | to | -10 | -e0 | 80 | — | -30 | 16 | 50 | 60 | 80 | 
| 72 [meso | 100 | tov | — | 30 | — |. 10 | 5 | 50 | 15 | — | — | 
| te fangzon | too | 0 | os | 30 | 50 | 30 | 40 | 14 | 35 | 15 | 50 | 
| ez fansesa | too | 0 | ~ | eg | ts | — | 2 | wo | 35 | 14 | 20 | 
| 92 fanseso | too | to | — | oo | so | — | 9 | 1 | 40 | te | 45 | 
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FIELD-EFFECT TRANSISTORS (continued) 


TABLE 1. Switches and Choppers (continued) 


N-Channel JFETs (continued) 


V(BR)GSS 
V(BR)GDO 


© 
oO 


+ 
Ww 
— 
— jus 
o;9o 
oO 


est 
100 


oO 
-_ 


t = typical 


TABLE 2. Low-Frequency/Low-Noise 


P-Channel JFETs 


Package (mmho) 
TO- MIN 


| 92 | MPFi61 
2N5265 


MFE4009 


2N2608 
MPF2608 


2N5460 


72 2N5268 
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FIELD-EFFECT TRANSISTORS (continued) 


TABLE 2. Low-Frequency/Low-Noise (continued) 


P-Channel JFETs 


(V) 
MIN MAX | (MAX) | MAX MIN MIN MAX 


oot 
ees 


N-Channel JFETs 


Ciss 
@ 
Package f (pF) 
TO - (MHz) | MAX | (MHz) | (MAX) MA 


2N3370 15 


-2nss70_ 
[MPFiit | 
fanaz20a | 


4.0 16 


V(BR)GSS 
Rel Yfs| | Rel Yosi| Ciss Crss_ | V(BR)GDO VGS(off) 
Package 
TO - 
5 


a 
7.9 1.0 

_ 60 | 40 | 
| 60 | 70 | 


15 
10 
10 
14 


< 


i=) 
wo 


oO 
on 


2 ; . 
. 25 
24 

1.5 

1.5 

1.0 


3 | 02 | 10 


= 
=) 


2N3368 
2N5359 


—_— 

co) 
Saal ectll antl aul Pose Roald Boal 
oO NMla 


i) 
1.0 
1.0 

0 
1.0 
1.0 
1.2 
1.3 
1.4 
1.5 
1.5 
1.5 
1.5 
1.5 

0 

Ae) 

0 


| 2 
ae 


aie, 
}2nasao | 13 3.6 
}2es6o | 
jensass |S | 20 | 9.0 _| 
fansset | 15 
08 | 40 
Ee ee ee 
|MPF3e21 | 1.5 
jensas7 | 8 | 08 | 4.0 | 
| 20 | 60 | 
t = typical 
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FIELD-EFFECT TRANSISTORS (continued) 


TABLE 2. Low-Frequency/Low-Noise (continued) 


N-Channel JFETs 
V(BR)GSS 
Rel Yfs/ Rel Yos| Ciss V(BR)GDO “sion 
(mA) 
Package (wmho) (pF) (pF) (V) 
ae - tno mares | ead Lee MIN 


| 92 | MPFazet eC ee ee emer 

se a ee ee a 

| 92 [praca | 20 | is | 20 | 15 | 60 | 20 | 30 | — | 60 | 20 | 6o | 

| 72 fenssea | 20 | ts | 40 | 15 | oo | 20 | 40 | 20 | 70 | 40 | 80 | 
0 


2 _fenowe | 20 | 15 {| zo | 16 | 60 | ao | so | — | eo | 20 | 10 | 
| 92 | Mpraez2 || 15 | is | 60 | 30 | so | — | 60 | 20 | 10 | 
Pas | 70 | 30 | 50 | 20 | 60 | a0 | 20 
| is | 6o | 20 | 30 | — | so | 50 | 15 | 
a a 7 TO LT 
| 72 | anazaea | os | ts | 40 | 15 | eo | 20 | 30 =| — | 80 | 50 | 15 | 
| 92 | mpr4zaz2a | os | ts | 40 | 15 | 60 | 20 | 30 | — | 80 | 50 | 15 | 
| 72 _jansxs = (| ss | ts | 40 | 15 | oo | 20 | 406 | 25 | ao | 70 | 14 | 
| ta fanaa =| os | 20 | 35 | 30 | te | 6o | 50 | — | 7a | 30 | 15 | 
| ta _[ansaze = | ss | 20 | 35 | 30 | te | oo | 50 | — | 98 | 30 | 15 | 
| 72 ijenssea = | 7 | ts | oo | ts | oo | 20 | 40 | 25 | so | 90 | 18 | 
| 92 | ensevo (ss | 30 | ts | 75 | 15 | 70 | 30 | 25 | 20 | 80 | 80 | 20 | 
| taj anason | tat_ [oor | — | — | 14 | 35 | 40 | 05 | 30 | 50 | 30 | 
| 72 _|anssses | 65 | o001| 20 | 15 | 60 | 30 | 30 | o2 | 40 | o5 | 25 | 
_—m faneri7__ | 20 [oor | so | 10 | 90 | 18 | 40 | oe | 1s | wo | oo | 
aie ee 1.5 ae Seen 
ST AP ST A Nl SU 
eo Me oe ee eae ee ee a ee ee 
| 92 | Mpraita =| a0 f ooo1 | 50 | 10 | 30 | 15 | 40 | 10 | 30 | 80 | 240 | 
| 72 fanatiea | a0 foot | 50 | 10 | 30 | 15 | 40 | 10 | 30 | 80 | 240 | 
| 92 | wpraitea | 80 f oonr | 50 | to | 30 | 15 | 40 | 10 | 30 | 80 | 240 | 
| 72 fanaa |= t00 = [oor | 10 | 10 | 30 | 15 | 40 | 20 | 60 | 200 | 600 | 
| 92 [ratio =| 100_~-| ooor | to | 10 | 30 | 15 | 40 | 20 | 60 | 200 | 600 | 
| 72 [anata |= t00 =| oor | 10 | 10 | 30 | 15 | 40 | 20 | 60 | 200 | 600 | 
| 92 | MPF4it9a — |_100_~| ooor | to | 10 | 30 | 15 | 40 | 20 | 60 | 200 | 600 | 
t = typical 
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FIELD-EFFECT TRANSISTORS (continued) 


MOSFETs MOSFETs = 


Single Gate 
MOSFETs are available in either depletion/enhancement or enhancement mode P-CHANNEL 
(in general, depletion/enhancement devices are operated in the depletion mode and G Enhancement 
are referred to as depletion devices). They are available in both N- and P-channel, 
and both single gate and dual gate construction. Some MOSFETs are also offered S 
with input diode protection which reduces the chance of damage from static charge D 
in handling. 
N-CHANNEL 
G Depletion 
S 
D 
N-CHANNEL 
: : Enhancement 
TABLE 2. Low-Frequency/Low-Noise (continued) - 
S 


P-Channel MOSFETs 


are = ae irae ear = 


AX MIN MAX 

| 7a fants eS ee ae ee 
ae eee a os oe ae | 35 | -30 | -so | ~ | -10 | 
sk SS ET car Ae HA Sl 
eee HF AES ee 
jm __{anrsga______ | 10 | 0 | so | 19 | -a5 | -30 | 50 
m2 __janssra_____ | 40 | eo | 50 
a 
EE 
| 18 [ress tt | 
| 72 [MFesoos | | 


N-Channel MOSFETs 


| 18 fanaveg | 
| ie [MFesess | 
fanassi | tO 


72 2N4351 


72 |3N169 


Coe 
1 OY 
a re on ee 
| te [ance ts | 
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FIELD-EFFECT TRANSISTORS (continued) 


TABLE 3. High-Frequency Amplifiers 


N-Channel JFETs 


V(BR)GSS 
“(A)GDO 


@ _ @ 
) f (wmho) f 
(MHz); MAX | (MHz) 


_f (MHz) 
100 25 


Package 


~|z3 
Z2SJT 
o 


2N5669 


= 
= 
2 


2N4223 
MPF4223 
2N5485 


400 
| 200 | 200 | 200 | 60 | 2 
| 200 | 200 | 200 | 60 | 20 | 
o | 100 | 40 
0 
0 
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nm | 
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wo {w 
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o lo 
—_ |— 
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ro) 


be fee 1 
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fo ee eS 
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40 
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ro) 

1) 

On 
oO;t— 
wo |o 
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ee a0 A) 
100 | 65 | 25 | 30 | 100 | 2 | — | 80 | 15 | 24 | 
too | 7o | 30 | — | — | 2 | — | 80 | 20 | 20 | 
ee eee eee ee ee ee 
100 
2n4224 | 200 | 200 | 200 | 60 | 20 | — | — | 30 | 01 | 80 | 20 | 20 | 
| 200 | 200 [| 200 | 60 | 20 | — | — | 30 | o1 | 80 | 20 | 20 | 
0.3 
0.001 -0.4 
| 100 | 25 | 20 | 80 | 80 | 20 | 
400 | 100 | 400 | 45 | 10 | | — | 30 | 05 [| 40 | 15 | 70 | 
200 | 30 

200 eee 

| 

J305 sa | 4oo | got | 100 | 3.0t | ost | 4ot | 400 3.0 

200 | 200 200 2o | 255) 400" J). 30: | [60 


| 200 | 60 | 20 | 2 

a0 | 200 | avo | so | 20 | 2s | 100 | so | — | eo | 40 | 20 | 
400 25 | 20 | 60 | 80 | 20 | 
-ooo1| 75 [ooo] 50 | 10 | 40 | 400 | -25 | -20| -60| 80 | 20 | 
Pao | vob fae ag: [conti at] goo 90) ot Joan em) ve 
F400 [100 | «00 -40-| 08 | 40 4oo_ | 30 | 20 | 60 | 50 | 15 | 
#00 | 100 | 400 | 40 | os | 40 | so | so | 20 | 60 | 50 | 15 _ 
| 400 | 100 | 400 | 40 | : 

92 “Tenseas [40 | ato [100 | aon [a6 [3 
ewsear | 40 | 400 | 160 | 400 | 45 | 1 
J304 4a | 400 | aot] 100 Lact 
fooor| sso [woo [so a 
450 as [2s [eo | 2 | eo 
ze 100 | asot [100 [75 [25 | ast [100 [2s [10 | 65 | 12 | 60 | 
J309 rat_| 100 | 2sot_| oo | 75 | 25 | 1st | too | 25 | 10 | 40 | 12 | 30 | 
ES Pico | seot [roo [re fos [ost [sco {as {20 Pas [os oo 
0.001 | 200 | 20 | — | -50| 20 | 10 | 
as [so [ao re Tow [se [ao | [nos] aol so To 


—] 
1 


, sede 
4o0_| 30 | 20 | 60 | 50 | 15 | 


= typical 
*N-Channel MOSFET 
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FIELD-EFFECT TRANSISTORS (continued) 


MOSFETs (continued) 
TABLE 4. Dual Gate MOSFETs 


These devices are especially suited for RF amplifier and mixer applications in TV 
tuners, radio, etc. The Dual Gate construction also allows easy AGC control with very 
low power. 


Dual Gate one ere 


mall bs 
ron) 
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= typical © M = Macro-X Package 


eee 
I seed a teal "28. Ciss V(BR)GDO| VGS(off) 

Package (umho) (pF A (dB) oe «i aa eas 
TO - Device wi aan my (MAX) MAX | f (MHz) MIN MIN | MAX 

| 40 | 0.001 7.0 35 | 105 | +70 | — | 40 | 30 | 30 | 

72__|MFes2i_— | 10_— 4.0 5 

72___|3N211 Pee eae Ga -02|-55| 60 | 40 | 

MPF211 17 200 -02|-55| 60 | 40 | 

72___|snao0e_ | 7.0 =| ooo] 45 -0.2 

| 6.0 | 40 | 

| 6.0 | 40 | 

| 6.0 | 40 | 


| 200 _| 
"200 | =60 | -02[-s0| 60 | 20 | 


[a0 [ooo] | [ast | 00a [45 | a [ 280 | -02 | =s0] eo [oo | 
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| 72 |mrev1 | 10 [oor] | | 60 | oo2 | 50 | 60 | +70 | — | -40| 50 | 30 | 


/%2__|wrei20 | 80 joooi| |__| 70 | ooa | so | 106 | =70 | — | -40/ 20 | 18 
|_2__|wreio_| 0 |oco.| __{ _{ 70 | oos | so | 105 | 7.0 | 3.0 | 30 
| 72 |MFE122 | 8.0_| 0.001 | | 7.0 | 002 | 50 | 200 - 4.0 30 
72 |MFE131 (pa 5.0 | 200 3.0 | 30 
| 72 |MFeis2_— | 8.0 | 0.001 ee: 50 | 200 | +70 | — |-40| 30 | 30 
72 ene [10 Jeon] f= fo 0.03 | 50 | 400 | 25 | -o2| -40| 60 | 30 
72___|3N205 10 het 0.03 | 5.0 | 400 | 25 | -02| -40| 60 | 30 | 
72 10 fre cle ae 30 


MOSFETs 


Dual Gate N-CHANNEL 


G2 
G1 


[60 [-o2l-so[ a0! 11 | 


0 
200 


| +60 | -02| -50| 60 | 30 | 


| #70 | -o1| -40| 50 | 30 | 
| —~ | — | ~ | 


MOTOROLA SEMICONDUCTORS 


1-35 


SMALL-SIGNAL DEVICES 


FIELD-EFFECT TRANSISTORS (continued) 
Small-Signal TMOS 


TABLE 5. TMOS Power MOSFETs , , | 


Power MOSFETs, Motorola trademark TMOS, are FET transistors with an oxide 
insulated gate which controls vertical current flow. TMOS 
This basic description fits a number of structures and process titles including Vertical 
DMOS, HEXMOS, TMOS, UMOS, Vertical MOS, and VMOS. 
There are subtle parametric tradeoffs with these different products: but they all N-CHANNEL 
Ss) 


exhibit higher input impedance, faster switching, enhanced thermal stability, and Gc 
easier paralleling than bipolar transistors. In addition, they have lower “on” resistance 

and higher power handling capability than conventional horizontal MOSFETs or 

JFETs. 7 
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GaAs FETs 
TABLE 6. GaAs Dual Gate Field-Effect Transistors 


The GaAs Dual Gate FETs listed here are for low noise and high gain receiver amplifier and mixer applications. 


IDSs 7 | 
Typ Noise Figure | 
Ipss Pr 
Device Type oe | he | ok | dim | we | cw | ome V(BR)DSX mi¥y_| "Package 


r C20 [380 [art 


*Typ . 


358-1 
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RF Small-Signal Transistors 


V7 


CASE 22-03 
(TO-18) 


CASE 20-03 


CASE 244A-01 
(TO-117) 


CASE 305A-01 ~~. CASE 317-01 


o> 


Motorola’s small-signal, low power RF transistor product range 
includes transistors with gain-bandwidths of 1.0 GHz to 8.0 GHz 
operating at currents of 0.25 mA to over 140 mA. 

These devices are available in a wide variety of package 
types; metal can, plastic Macro-X and Macro-T, hermetic ce- 
ramic and microminiature. Most of these transistors are fully 


Typical Gain-Bandwidth Product versus Collector Current 


CASE 26-03 
(TO-46) 
SSeS CASE 249-05 >-< CASE 303-01 


My .. 654-02 
(TO-78) 


: ar 


| 

+ 
- 
{| 


CASE 79-03 


CASE 31A-01 CASE 79-02 
(TO-39) 


CASE 317A-01 CASE 358-01 


Macro-T 


characterized with y or s parameters; and in addition, there are 
non-saturated switching characteristics, low power driver spec- 
ifications, and noise figure limits. QPL types with JAN, JTX and 
JTXV processing levels are available as well as Hi Rel pro- 
cessing to meet unique customer requirements. 


RF Small-Signal Transistors 


Motorola small-signal and medium power RF transistors with 
gain-bandwidth products from 1.0 GHz to 8.0 GHz operate with 


currents from 0.25 mA to over 140 mA. The following chart, 
combined with the tables of package options, enables the circuit 
designer to select the optimum device from Motorola’s wide 
range of transistor/package combinations. 


ff, GAIN-BANDWIDTH PRODUCT — GHz 


1 2N3866, 2N3866A, MM8000 10 2N4957, 2N4958, 2N4959, PNP 

2 2N5160, MM4018, PNP 11. MRF931 

3 2N3948, 2N4427, MRF207 12 2N6603, BFR90, MRF901, MRF904 

4 2N5109, 2N5943, MM8001, MM8002. 13 2N6604, BFR91, MRF911, MRF914 

5 2N5583, PNP 14 BFR96, MRF961, MRF962, MRF965 

6 2N5836, 2N5837 15 BFW92A 

7 MRF511, MRF517, MRF525 16 MRF559 

8 2N2857, 2N3839, 2N5179, 17 MRF580, MRF581, MRF586, MRF587 
MRF501, MRF502 18 MRF571, MRF572, MRF573 

9 2N6304, 2N6305, BFX89, BFY90 19 MRF536, MRF534, MM4049, PNP 


100 


0.1 1.0 25 5.0 10 15 20 30 50 75 
ic, COLLECTOR CURRENT — mA 


150 
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RF SMALL-SIGNAL TRANSISTORS (continued) 


‘TABLE 1. UHF and Microwave Oscillators 


The transistors listed below are for UHF and microwave oscillator applications as initial signal sources or as output stages of limited 
range transmitters. Devices are listed in order of increasing output power. 


Test Conditions 
Package 


TO-72 


2N5108 1680 1400 TO-39 
MRF905 1680 To46 | 


2N3866 TO-39 
*Typical 


MMB009 1680 1400 TO-39 


TABLE 2. GaAs Dual Gate Field-Effect Transistors 


The GaAs Dual Gate N-Channel FET’s listed here are for low noise and high gain receiver amplifier and mixer applications. 


PIPE te | | ome | V(BR)DSX 
50 


Package 


| 360 | 3t7t 


Res 
mA 


*Typical 


TABLE 3. Low-Noise Transistors 


The low-noise devices listed are produced with carefully controlled rp’ and f7 to optimize device noise performance. Devices listed 
in the matrix are classified according to noise figure performance versus frequency. 


Frequency MHz | 
| eo | tm | | to00 | 2000S |__—~Polarity 
1.5 2N5829 _ 2N5829 
2N5031 2N5031 MRF904 MRF571 MRF572 
2.0 2N4957 ~"-9N4957 2N5829 
2N5032 2N5032 2N5031 MRF904 MRF901 
2N4958 -2N4958 2N4957 2N5829 PNP 
. 2N5032 2N5032 2N5032 2N5031 MRF901 MRF572 NPN 
a | | | 2N6603 MRF573 NPN 
2N4959 2N4959 ; 2N4958 2N4957 2N5829 PNP 
2N2857 2N2857 2N5032 2N5032 MRF901 | NPN 
2N6604 NPN 
3.5 2N4959 2N4959 2N4959 2N4958 2N4957 
-. 2N5179 2N5179 2N2857 2N5032 2N5031 MRF901 
«40 —2N4959_~—C 2N4959 2N4959 2N4959 2N4958 
. 2N5179 2N5179 - 2N5179 2N2857 2N5031 2N6604 
4.5 “ 9N4959 2N4959 2N4959 2N4959 2N4959 
2N5179 2N5179 2N5179 2N2857 2N5032 
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RF SMALL-SIGNAL TRANSISTORS (continued) 


TABLE 4. CATV, MATV, and Class A Linear Transistors 


The devices listed below are excellent for Class A linear CATV/MATV applications and are listed according to increasing gain- 
bandwidth (fy). More information concerning the device for your specific linear design needs can be obtained through your local 


Motorola Sales Office or Motorola distributor. 
Distortion Specifications 


Nominal Test 


Conditions fr 2nd 3rd 12 Ch. 
Device VceIc MHz Max/Freq. Order Order Cross- 
Type Volts/mA Min IMD IMD Mod. 


2N5179 4,5/200 
BFY90 5/2 1000 


2N6305 
BFX89 
2N5109 
2N5943 
2N6304 
MRF51 14 
2N5947 
MRF517 
BFW92A 
MRF586 
BFR90 
BFR91 
BFR96 
MRF961 
MRF962 
MRF965 
MRF581 
MRF587 
“Typ 


5/10 
5/25 
15/50 
15/50 
5/10 
20/80 
20/75 
15/60 

2 
14/70 
10/14 

5/35 

10/50 
10/50 
10/50 

_ 10/50 
10/75 
14/70 


1200 6.5/500 


4 

800 4.0*/200 

1200 5.5/450 
3 


1200 3.4/200 
1400 4.5/450 


| | | | | 
N N | Ot | & 
NO NO Otay 


1500 7.3*/200 


oa 


244-01 
2448-01 


| | 
a 
N pe) 


1500* 3.8/200 
2200 7.5/300 


| 
oO 
N 
; 
BSN 
a 
+ 
? 
Q 
ive) 


oO 
~~ 


“N 


; | |oat7a-or | 
ee ee 
Pt 817-01 
| | 303-01 
ee re 


— 65 


50 
50 
50 
aes) 


TABLE 5. High-Speed Switches 


The transistors listed below are for use as high-frequency current-mode switches. They are also suitable for RF amplifier and oscillator 
applications. The devices are listed in ascending order of collector current. 


Test 
Conditions 
Ic/VCE MHz 
Device Type mA/Volts Min Package 
2N3959 
2N3960 
2N5835 
MM4049* 
MRF914 4500" 
2N5842 1700 
2N5841 2200 
2N5943 1200 
2N5583* 50/10 
2N5836 50/6.0 
2N5837 100/3.0 
*PNP = **Typ 
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RF SMALL-SIGNAL TRANSISTORS (continued) 


Class C Amplifiers 


The transistors listed in these tables are specified for operation in Class C RF power amplifier circuits. The tables are arranged by 
increasing frequency of operation first, then by increasing output power. The first table contains those devices specified at 12.5 Vdc, 
while the following table contains devices specified at 28 Vdc. 


TABLE 6. Low-Voltage Class C Amplifiers 


Type 
21 
zr 
50 


2N4427 
MRF607 


| 
MRF559 870 


(w 
0.05 
0.35 


Frequency 
(MHz) 


Case 
Outline 


TO-39 
TO-39 


Voltage 

(V) 

12.5 
12.5 
12.5 
12.5 
12.5 
12.5 
12.0 
12.5 
12.5 
12.5 
12.5 
12.5 
12.5 
13.6 
12.5 
12.5 
12.5 


Pout 
(w) 


. 10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
11.5 


© o a 
— —+ b= | 


0.15 
0.15 TO-39 
TO-46 
TO-39 
TO-39 
TO-39 
TO-39 
TO-39 
TO-39 
TO-39 
TO-39 
249-5 
TO-39 
317-1 

12.5 TO-39 
470 0.05 10.0 12.5 305-1 

470 0.05 10.0 12.5 305A-1 
470 0.05 10.0 12.5 249-5 

0.25 10.8 12.5 TO-39 
0.063 12.5 317-1 

0.12 12.5 317-1 
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TABLE 7. High-Voltage Class C Amplifiers 


Type 


*Grounded Emitter TO-39 
+tPNP 


Frequency 
(MHz) 


Case 
Outline 


TO-39 
TO-39 
TO-39 
TO-39 
305A-1 
305-1 


Voltage 
(V) 
28.0 
26.0 
28.0 
28.0 
28.0 
28.0 


Pout 


0.25 
0.001 


—_ 
“I 
a 


0.02 


—_ Nw oa 

—_ —_ —_ 

Oo|wlo a © 
. . ow 

ojolo|"o 


—_ — 
ov or ; 
om Ko) 


0.16 
0.03 
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RF SMALL-SIGNAL TRANSISTORS (continued) 


Small-Signal Amplifier Transistor Selection by Package ? 

In small-signal RF applications the package style is often determined by the end application, or circuit construction technique. To 
aid the circuit designer in device selection, below are listed the Motorola broad range of RF small-signal amplifier transistors organized 
by package. Devices for other applications such as oscillators or switches are shown in the appropriate preceding tables. 


TABLE 8. TO-39 METAL CAN 


Device Type H 


+Grounded Emitter TO-39 *Typ *“V(BR)CBO 


Maximum Ratings 


so 
s 
=< 
r 
5.0 


*Typ **PNP 


4 
10 


TABLE 10. Ceramic — SOE — Case 244A-01, 303-01, 358-01 


can TET S aT oe 
eee A le a 
Device Type GHz V(BR)CEO V mW | 
| ansoa7 | ts | | 38 | 200 | 0 | 1 | a0 | | 400 | 5000 
pomprsti | 21 | so | 73 | 200 | 50 | 10 | 250 250__| 5000 _| 
| aneoos | 45 | ts | 20 | 1000 | 50 | 1s 400 

| mprse2 | 45 | 50 | 20" | 00 | 10 | 15 | 500 100 | 750 
ee ee eee ee 

| mrrse7 | 55 | 70 | 70 | 18 

| omprs72 | eo | 50 50 | 10 | 1000 | 10 | 

| prs7a | 80 | 50 | 50 | 10 | 1000 | 10 | 

“Typ 
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RF SMALL-SIGNAL TRANSISTORS (continued) 


TABLE 11. TO-72 METAL CAN 
| Gain—Bw | Noise Figure 


fT Ic 
Device Type GHz mA 


Maximum Ratings 


V(BR)CEO Ic Pr 
V mA mW 
20 


Ic 
mA 


2N5031 10 

2N5032 10 20 
2N4958* 30 30 
2N4959* 


2N5829* 


2N4957* 
MRF501 
MRF502 
2N6305 

BFX89 


BFY90 
2N5179 
2N6304 
2N3839 
2N2857 {: 


6 8.0 4 
MRF904 4.0 15 1.5 
MRF914 4.5 20 2.0 


*PNP 


15 40 
450 5.0 16 450 15 30 
500 5.0 15 500 12 40 


“Typ 


RF Amplifier Modules 


The devices listed below are general purpose RF hybrid amplifiers, which feature input and output impedance matching and dc 
biasing networks for simplified RF amplifier design. 


TABLE 12. General-Purpose 50 2 — 100 Q Wideband Modules 


Frequency Output Level 


Range 1 dB Compression 
Device Type MHz Min/Typ mW/f (MHz) 


TABLE 13. TO-39 Wideband, 50 2. Modules 


The MWA Series features excellent gain versus frequency flatness, temperature stability and are cascadable for high gain lineups. 
Construction techniques include thin film gold metal circuitry and hermetic TO-39 package. MWA devices processed for military 
applications are available to special order. 


Device Type 


[waza | oreoo [ano ts ts Od 


Noise Figure 


Frequency 
Range 
MHz 


Supply 
Voltage 


Output Level 
1 dB Compression 


Noise Figure 
(400 MHz) 


MWA320 0.1-1000 
MWA330 0.1-1000 
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RF SMALL-SIGNAL TRANSISTORS (continued) 


High Reliability RF Transistors 


The listed devices are active per QPL-19500 (Qualified Prod- 
ucts List). Check with your local Motorola Sales Office or fran- 
chised Distributor for current qualification status and additions. 


2N2857JAN 
2N2857JTX 
2N2857JTXV 


2N3553JAN 
2N3553JTX 
2N3553UTXV 


2N3866JAN 
2N3866UTX 


2N3866JUTXV 


2N3866AJAN 
2N3866AUTX 


2N3866AJTXV 


2N3960JAN 
2N3960JTX 
2N3906JTXV 


2N4957JAN 
2N4957JNTX 
2N4957J5TXV 


2N5109JAN 
2N5109JTX 
2N5109JTXV 


2N6603JAN 
2N6603JTX 
2N6603JTXV 


2N6604JAN 
2N6604JTX 


2N6604UTXV 


MOTOROLA SEMICONDUCTORS 


Transistor Complements 


The transistor complements listed are suitable for most ap- 
plications requiring NPN and PNP devices of similar RF char- 
acteristics. If your application demands special matching of com- 
plementary transistors, please contact your local Motorola Sales 
Office or Motorola distributors. 


NPN PNP 
2N2857 2N4958 
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Devices for Hi-Rel Applications 


Motorola offers over 650 devices listed in QPL-19500, and is certified to supply small-signal bipolar devices to ALL FOUR quality levels 


of MIL-S-19500: JAN, JANTX, JANTXV, and JANS. 


The following tables list the Motorola discrete devices and slash-sheet number as they appear on the Qualified Products List. 


Switching and High-Frequency Transistors 


MIL-S-19500 
ON703:5AN win ecm bee ee ea Se ae eS eo /153 2N3250A JAN JTXJUTXV 2 0 /323 
QN706 JAN . 2c oe ee ee ee ee es /120 2N3251A JAN,JTXJTXV 2. /323 
2N708 JAN SEX 6 ep ewe ce as a Bs Sw ae /312 ONS2537JAN ss. Gee kl ek Sg ee es ed eee So eee 1347 
2N718A JAN,JTXJTXV 2 0 /181 2N3444 JANJTX 2. 0. 1347 
ONS69A-. JAN UEX 6 aca tok es eae a ee LS /283 2N3467 JAN,JTX,JTXV 2 2 /348 
QN914 JAN,JTX . 0. 1373 2N3468 JAN JTXJTXV 20 /348 
QN916 JAN ... 2.2.2... 0 ee ke eee /271 2N3485A JAN,JTX. 2 0 /392 
2N918 JAN,JTXJTXVJANS. 2.0... 0.000 2800000848 /301 2N3486A JAN,JTX. 2. /392 
2N930 JAN,JTX 2 0. 1253 2N3498 JAN,JTX,JTXV 2. 2 /366 
ONT1382 JAN. fn os ee ee ee ee ee EE A /177 2N3499 JAN,JTXJTXV 2 0 /366 
2N1613 JAN,JTXJTXV 2... ee /181 2N3500 JAN,JTX,JTXV 2 0 ee [366 
2N2218 JAN,JTXJTXV 2. ee /251 2N3501 JAN, JTXJTXV 2. /366 
2N2218A JAN,JTXJTXV 2... /251 2N3506 JAN,JTXJTXV 2. 0 ee 1349 
2N2219 JANJTXJTXV 2. ee /251 2N3507 JAN,JTX,JTXV 2 0 1349 
QN2219A JAN,JTXJTXV 2. /251 2N3634 JAN,JTXJTXV 2. 1357 
Q2N22219AL JANS.. 2... 2. / 2N38635 JANJTXJTXV 2 2 1357 
2N2221 JAN JTXJTXV 2. ee 1255 2N3636 JAN,JTX,JTXV 2. ee [357 
QN2221A JANJTXJTXV 2... 1255 2N3637 JAN,JTXJTXV 2. ee 1357 
2N2222 JAN,JTX,JTXV 2... 1255 2N3700 JAN,JTXJTXV 2 0 a /391 
2N2222A JAN, JTX,JTXVJANS ....0.0.002.2.0..0208. 1225 2N3735 JANJTXJTXV 2 0 a 1395 
2N2369A JAN,JTX,JTXVJANS ....0.20.0220.0.2.2. 0008. /317 2N3737 JANJTXJTXV 2. 0 ee 1395 
2N248 1 JANI UTX eee ei ee we eo Ee a /268 2N3743 JAN,JTXJTXV 2.0 /397 
2N2904 JAN,JTX,JTXV 2. /290 2N3762 JAN,JTX,JTXV 2 0 /396 
2N2904A JAN,JTXJTXV 2... / 2N3763 JAN,TXJTXV 2 0 ee /396 
2N2905 JAN,JTXJTXV 2. ee /280 2N3764 JAN,UTXJTXV 2 0 ee /396 
2N2905A JANJTXJTXV 2. ee _. 1290 2N3765 JAN,JTXJTXV 2. /396 
2N2905AL JANS. .....2.20.202020202-02 00 02 ee ee ee dail 2N40383 JAN JTXJTXV 2. /511 
QN2906 JAN,JTXJTXV 2... ee Ath Gece ees /291 2N4261 JAN, JTXJUTXV 2 0 /511 
2N2906A JANJTXJTXV 2... 0... 1291 2N4405 JAN,JTXJTXV 2 2 /488 
2N2907 JAN,JTXJTXV 2... ee ee /291 2N4449 JAN,JTXJTXV 2. /317 
2N2907A JAN,JTX,JTXV,JANS ..0..0200200202.22000848 /291 QN4453: JAN ITM ccs kB os Se rs eB eR Bes /283 
QN2944A JANJTXJTXV 2... ee / 2N4930 JAN,JTXJTXV 2. ee [397 
2N2945A JANJTX,JTXV 2... / 2N4931 JAN,UTXJTXV 2 0 ee 1397 
QN2946A JAN,JTXJTXV 2. ee / 2N5581 JAN,JTX 2... 1423 
2N3013 JAN,JTX . 2.0.00... 002 ee 1287 2N5582 JAN,JTX «2. 1423 
2N3019,S JAN,JTX,JTSV .. 2... ee /391 
RF Transistors 

MIL-S-19500 
2N918 JAN, UTX,UTXV,JANS oo. ccccccccscsseseeseessssssssresseresserseseeseees /301 2N3959 JAN UTX ST XV oo. eeccccccseecccssccccscsavescseesescesaeseseesesececues /399 
2N2857 JANZITXTKV: seco ede ee is 1343 2N3960 JAN, UTX UT XV ous cessscescccesccsuscsecenccecseuaucusseecseuevanesecees 1399 
2N3375 JAN ST X,UTXV ......cccccsccccscccescccsccecccecscssssesessssssvssssvssessoseess /341 2N4957 JAN ST XSTXV wees ccsssecccccccccesevseeeseeccesseanevseeveeesenauenenss 1/426 
2N3553 JAN ST X,STXV oo. cccccceccccscccesceeecssuscsessessceceseveesseveeseeseesess /341. 2N5109 JAN UTX,STXV voces ssssccsescccccsssseaseseccctseenvacesceseeuearensss /453 
QN3866 JAN UTX STXV oo. eecccecccccccssseccssssessessvevsevseevsvsesseeesseeseseess /398 QNG6603 JAN IT XV ooo eee eee cesccceccscccavescuuccuusevaeseuseseuaneuseenees /522 
QN3866A JAN UTX ST XV oo cccccccccsccccccseessesssccssvsseseseseceeeeeseccessensess /398 


Multiple Devices 


PING BOF VAIN TTY cuca ccctinig sic cehisca luna yaidossa sal advanau vatiavesteadbeavaeseatessece'e /522 


Field-Effect Transistors 


MIL-S-19500 MiIL-S-19500 
A2NZOG0. SAN ITA ITV: ic scencsdenttenshediccds dandavtnyeteatetansGinvetsieneaneeless /270 INR OB SAIN agate ity saan eaertin ga dich alana ndsgnndeciraaise niegatse aarenteatevaedeaes /295 
BN2919 JAN STAT cece eee eA Sa lanes 1355 INE DAN estas Sead asavacaVaved caret de couade 2s teadanes sshgutbeoogel ndvenadaaaneays /296 
QZNZOZO GANT XK SURV \ gasatezctsceteectidl, cxcect aauses latetiabesueninnaatincey /355 PING SSO RINT esacrepct oi atste haste mice set aistrwns tance eatin abubsutyaevesaat /378 
ONGB10 JANG PITA scsi ccvesasvsatsasnunesisvastenizeiateomtiniiciasdianieas /336 SNSB27, JAN ITOK TAY 5 iicsis Sass vateanininordy cuban varsanntvanesceisecnessetatines /375 
QNSB ULSAN TX STRV. ciscasecccvessasnngcbecxsucesoienrs ccndeestigensenstutnannicasal /336 PNGEZ2. JANI T ITA cssiccnietsedcocesivscnslostediaiancuesancanesteden itvecetincess /375 
2N4854 JAN ST XS TXV oo ccceccscseeseeeceeeeeseeceseessseecsevscessseverssseesanees /421 PNGBZO SAN GI PASTA. y ccessvsesseiigycrsted. caccvcipartomentadcaus est iyadve ie Geeug: 375 
2ZN5793 JAN IST Xi ST XV ciscesciscsncivesnessesssanchianpoanven setuonseatbaavesttwonetionde /495 - CN4ABSS JAN IT X STAY ais cctetesteianenatesdbastoviesierestindstiecjadeeiaasteuoeneane /385 
ANSTSS SAN STR SCAV, sesscce. cscs tavactatsnesidueeenitetiaven sada Paoseseps /495 ENSG57 SAN ITA STAY | soisis cigs atasdtantiedinsenateatetinandicciddi aausisidet /385 
2N5795: JAN TIT AY shes. csnseesioppiiiaanstchsctveteaiodnsnneveuiaia deta /496 PNAGSS SAIN UT CITI! ins cisieceaasidanesantetsua lectucededunedunatnaatracatadaceres /385 
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CASE 29-02 CASE 29-03 
TO-92 1 WATT TO-92 


Motorola’s small-signal TO-92 plastic transistors encompass 
hundreds of devices spanning the gamut from general-purpose 
amplifiers and switches with a wide variety of characteristics to 
dedicated special-purpose devices for the most demanding ap- 
plications. The popular high-volume TO-92 package combines 
proven reliability, performance, economy and convenience to 
provide the perfect solution for industrial and consumer design 
problems. 

As an additional service to our customers Motorola will, upon 
request, supply the following: 

e Radial tape and reel 


@ Axial tape and reel. 
e TO-5 lead forming 


e@ TO-18 lead forming 
Contact your Motorola representative for ordering information. 
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Plastic-Encapsulated 
Small-Signal Transistors 


2N3903 
2N3904 


MAXIMUM RATINGS | 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Emitter-Base Voltage 
Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


*Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


GENERAL PURPOSE 
TRANSISTOR 


NPN SILICON 


Thermal Resistance, Junction to Case R@JC 
Thermal Resistance, Junction to Ambient R@JA 


*Indicates Data in addition to JEDEC Requirements. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | Max | Unit 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vde 
(i¢ = 1.0 mAdc, Ig = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(I¢ = 10 pAdc, Ie = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(l—e = 10 wAdc, Ic = 0) 

Base Cutoff Current IBL nAdc 
(VcE = 30 Vdc, Veg = 3.0 Vdc) 

Collector Cutoff Current ICEX nAdc 
(VcE = 30 Vdc, Veg = 3.0 Vdc) 

ON CHARACTERISTICS 


DC Current Gain(1) 
(I¢ = 0.1 mAdc, VceE = 1.0 Vdc) 2N3903 
2N3904 


OFF CHARACTERISTICS 


(I¢ = 1.0 mAdc, VcE = 1.0 Vdc) 2N3903 
2N3904 


10 mAdc, Vcg = 1.0 Vdc) 2N3903 
2N3904 


(Ic 


50 mAdc, Vcr = 1.0 Vdc) 2N3903 
2N3904 


(Ic 


100 mAdc, VcE = 1.0 Vdc) 2N3903 
2N3904 


(ic 


Collector-Emitter Saturation Voltage(1) 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 
(I¢ = 50 mAdc, lp = 5.0 mAdc) 


Base-Emitter Saturation Voltage(1) 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 
(I¢ = 50 mAdc, Ip = 5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 10 mAdc, Vcg = 20 Vdc, f = 100 MHz) 2N3903 


30 
me Ee 
— 
=Tele lS 


2N3904 
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2N3903, 2N3904 


AL CHARACTERISTICS (continued) (T 


Characteristic 


= 25°C unless otherwise noted.) 


Output Capacitance 
(VcB = 5.0 Vdc, IE = 0, f = 1.0 MHz) 


Input Capacitance 
(VBE = 6.5 Vdc, Ic = 0, f = 1.0 MHz) 


Input Impedance 
(I¢ = 1.0 mAdc, VcgE = 


10 Vdc, f = 1.0 kHz) 


Voltage Feedback Ratio 


(Ic = 1.0 mAdc, Vcf = 10 Vdc, f = 1.0 kHz) 


Small-Signal Current Gain 
(Ic = 1.0 mAdc, VcgE = 10 Vdc, f = 1.0 kHz) 


2N3903 
2N3904 


2N3903 
2N3904 


2N3903 
2N3904 


Output Admittance 
(I¢ = 1.0 mAdc, VcgE = 10 Vdc, f = 1.0 kHz) 


Noise Figure 
(I¢ = 100 wAdc, VcgE = 5.0 Vde, Rs = 1.0 k ohms, 
f = 10 Hz to 15.7 kHz) 


SWITCHING CHARACTERISTICS 


Delay Time (Vcc = 3.0 Vdc, Veg = 0.5 Vde, 


Storage Time (Vcc = 3.0 Vdc, Ic = 10 mAdc, 
IB1 = IB2 = 1.0 mAdc) 


2N3903 
2N3904 


2N3903 
2N3904 


Fall Time 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 


FIGURE 1 — DELAY AND RISE TIME 
EQUIVALENT TEST CIRCUIT 


300 ns - +3.0V 
DUTY CYCLE = 2% — +10.9V 


10 < ty < 500 pus—> 
DUTY CYCLE = 2% 


FIGURE 2 — STORAGE AND FALL TIME 
EQUIVALENT TEST CIRCUIT 


foie iggy 


0 


se be < 1.0 ns 


*Total shunt capacitance of test jig and connectors 


TYPICAL TRANSIENT CHARACTERISTICS 
— Ty = 25°C e=-Ty = 125°C 


FIGURE 3 — CAPACITANCE 
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0 
1.0 2.0 3.0 


FIGURE 4 — CHARGE DATA 
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Ic, COLLECTOR CURRENT (mA) 


50 70 100 200 


MOTOROLA SEMICONDUCTORS 


2N3903, 2N3904 


FIGURE 5 — TURN-ON TIME FIGURE 6 — RISE TIME 
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TYPICAL AUDIO SMALL-SIGNAL CHARACTERISTICS 


NOISE FIGURE VARIATIONS 
VcE = 5.0 Vde, Ta = 25°C, 
FIGURE 9 Bandwidth = 1.0 Hz FIGURE 10 


Ae eae a ee ee 
2 ee ee ee 


| \{—sourceresistance= 2002 | || | | ff 


NF, NOISE FIGURE (dB) 
NF, NOISE FIGURE (dB) 
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MOTOROLA SEMICONDUCTORS | SMALL-SIGNAL DEVICES 


2-4 


2N3903, 2N3904 


h PARAMETERS 
(Veg = 10 Vde, f = 1.0 kHz, Ta = 25°C) 


FIGURE 11 — CURRENT GAIN FIGURE 12 — OUTPUT ADMITTANCE 
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TYPICAL STATIC CHARACTERISTICS 
FIGURE 15 — DC CURRENT GAIN 
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Vee, COLLECTOR EMITTER VOLTAGE (VOLTS) 


V, VOLTAGE (VOLTS) 


FIGURE 16 — COLLECTOR SATURATION REGION 


FIGURE 17 — “ON” VOLTAGES 
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COEFFICIENT (mV/ °C) 


FIGURE 18 — TEMPERATURE COEFFICIENTS 
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MAXIMUM RATINGS 


[GolecorEmiter Voltage ——SSS*dCMceg [|e 
colletorBese Votge ~~ ogg || Ve 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Power Dissipation @ Ta = 60°C | Pp 250 


2N3905 
2N3906 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


GENERAL PURPOSE 
TRANSISTOR 


PNP SILICON 


Thermal Resistance, Junction to Case 


Characteristic 
Thermal Resistance, Junction to Ambient ReJa 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | Max | Unit _| 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 40 Vdc 
(I¢ = 1.0 mAdc, IB = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 40 Vdc 
(I¢ = 10 wAdc, IE = 0) . 


Emitter-Base Breakdown Voltage V(BR)EBO . Vdc 
(IE = 10 wAdc, Ic = 0) 

Base Cutoff Current IBL nAdc 
(VcE = 30 Vdc, Vege = 3.0 Vdc) 


Collector Cutoff Current 


(VcE = 30 Vdc, Vege = 3.0 Vdc) 
ON CHARACTERISTICS(1) 


DC Current Gain 
(Ic = 0.1 mAdc, VcE = 1.0 Vdc) 2N3905 


2N3906 


(ic = 1.0 mAde, VcE = 1.0 Vde) 2N3905 


2N3906 


(I¢ = 10 mAdc, Vcg = 1.0 Vde) 2N3905 
2N3906 


(Ic = 50 mAdc, Vcg = 1.0 Vdc) 2N3905 
2N3906 


(Ic = 100 mAdc, VcE = 1.0 Vdc) 2N3905 
2N3906 


Collector-Emitter Saturation Voltage 
(I¢ = 10 mAdc, IB = 1.0 mAdc) 

(Ic = 50 mAdc, Ip = 5.0 mAdc) 
Base-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ip = 1.0 mAdc) 
(i¢ = 50 mAdc, Ig = 5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 10 mAdc, VcE = 20 Vde, f = 100 MHz) 2N3905 
. 2N3906 


30 _ 
“= p= jw | 
VBE(sat) : Vdc. 

0.85 
0.95 


Output Capacitance 
(VcB = 5.0 Vde, Ie = 0, f = 100 kHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N3905, 2N3906 


ELECTRICAL CHARACTERISTICS eoniinusd) (Ta = 25°C unless otherwise noted.) 


Input eee 
(I¢ = 1.0 mAdc, VcgE = 10 Vdc, f = 1.0 kHz) 2N3905 


2N3906 


Voltage Feedback Ratio 
(I¢ = 1.0 mAdc, Vcge = 10 Vdc, f = 1.0 kHz) 


2N3905 
2N3906 


Smali-Signal Current Gain . 
(Ic = 1.0 mAdc, VcE = 10 Vde, f = 1.0 kHz) 2N3905 


2N3906 


Output Admittance 
(I¢ = 1.0 mAdc, VcE 2N3905 


2N3906 


10 Vdc, f = 1.0 kHz) 


Noise Figure 
(I¢ = 100 pAdc, VcE 
f = 10 Hz to 15.7 kHz) 


SWITCHING CHARACTERISTICS 


Delay Time (Vcc = 3.0 Vdc, Veg = 0.5 Vde 


2N3905 
2N3906 


5.0 Vde, Rg = 1.0 k ohm, 


2N3905 
2N3906 


2N3905 
2N3906 


(Vcc = 3.0 Vde, lc = 10 mAdc, 
1B1 = IB2 = 1.0 mAdc) 


Fall Time 


(1) Pulse Width < 300 us, Duty Cycle < 2.0%. 


FIGURE 1 — DELAY AND RISE TIME 
EQUIVALENT TEST CIRCUIT 


—3.0V 


< 1.0 ns 
rege 


—10.6V <- 300 ns 10 < t) < 500 ps 


DUTY CYCLE = 2% ~ 
*Total shunt capacitance of test jig and connectors 


TRANSIENT CHARACTERISTICS 


— T= 25°C --- T, = 125°C 


FIGURE 3 — CAPACITANCE 
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FIGURE 2 — STORAGE AND FALL TIME 
EQUIVALENT TEST CIRCUIT 


—3.0V 


FIGURE 4 — CHARGE DATA 
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SMALL-SIGNAL DEVICES 


2N3905, 2N3906 
FIGURE 5 — TURN-ON TIME FIGURE 6 — FALL TIME 
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AUDIO SMALL SIGNAL CHARACTERISTICS 
NOISE FIGURE VARIATIONS 
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FIGURE 9 — CURRENT GAIN FIGURE 10 — OUTPUT ADMITTANCE 
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FIGURE 12 — VOLTAGE FEEDBACK RATIO 


FIGURE 11 — INPUT IMPEDANCE 
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2N3905, 2N3906 


FIGURE 15 — “ON” VOLTAGES FIGURE 16 — TEMPERATURE COEFFICIENTS 
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2N4123 
2N4124 


MAXIMUM RATINGS 


Collector-Emitter Voltage 


Collector-Base Voltage VCBO ao Is 30) Vde 
Emitter Base Voltage Veso | 50 | Vo 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 

Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


GENERAL PURPOSE THERMAL CHARACTERISTICS 


TRANSISTOR Symbol | Max | Unit_—| 
Thermal Resistance, Junction to Case 
eon Thermal Resistance, Junction to Ambient 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot_| Min | Max | Unit 


V(BR)CEO 
30 
25 
(Ic = 10 Adc, IE = 0) 2N4123 


V(BR)CBO Vde 
40 
2N4124 30 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 10 wAdc, Ic = 0) 
Collector Cutoff Current ICBO nAdc 
(VcB = 20 Vde, Ie = 0) 
Emitter Cutoff Current nAdc 
(VBE = 3.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 
DC Current Gain(1) 


(ic = 2.0 mAdc, VcE = 1.0 Vdc) 2N4123 
2N4124 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(ic = 1.0 mAdsc, IE = 0) 2N4123 
2N4124 


Collector-Base Breakdown Voltage 


(I¢ = 50 mAdc, VcE = 1.0 Vdc) 2N4123 25 
2N4124 60 


Coilector-Emitter Saturation Voltage(1) VCE(sat) Vde 
(I¢ = 50 mAdc, Ip = 5.0 mAdc) 
Base-Emitter Saturation Voltage(1) VBE(sat) Vde 
(I¢ = 50 mAdc, Ip = 5.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS — 


Current-Gain — Bandwidth Product 
(I¢ = 10 mAdc, Vcg = 20 Vdc, f = 100 MHz) 2N4123 
2N4124 


Output Capacitance 
(Vcg = 5.0 Vde, Ie = 0, f = 100 MHz) 


Input Capacitance 
(VBE = 0.5 Vdc, Ic = 0, f = 100 kHz) 


Collector-Base Capacitance 
(le = 0, Vcp = 5.0 V, f = 100 kHz) 


Smail-Signal Current Gain 
(I¢ = 2.0 mAdc, VcE = 10 Vde, f = 1.0 kHz) 2N4123 
2N4124 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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2N4123, 2N4124 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Current Gain — High Frequency 
(I¢ = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 2N4123 
2N4124 


(I¢ = 2.0 mAdc, VcE 

(I¢ = 2.0 mAdc, VcE 
Noise Figure 

(I¢ = 100 wAdc, Vcg = 5.0 Vdc, Rs = 1.0 kohm, 2N4123 

Noise Bandwidth = 10 Hz to 15.7 kHz) 2N4124 


(1) Pulse Test: Pulse Width = 300 ws, Duty Cycle = 2.0%. 


2N4123 


= 10 V, f 
= 10 V, f 2N4124 


0 
0 


FIGURE 1 — CAPACITANCE FIGURE 2 — SWITCHING TIMES 
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2N4123, 2N4124 


a h PARAMETERS 
| Vee = 10 V, f = 1 kHz, T, = 25°C 


FIGURE 5 — CURRENT GAIN FIGURE 6 — OUTPUT ADMITTANCE 
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FIGURE 10 — COLLECTOR SATURATION REGION 
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2N4125 
2 N4 1 26 MAXIMUM RATINGS 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


AMPLIFIER TRANSISTORS THERMAL CHARACTERISTICS 


Symbol | Max | Unit 
Thermal Resistance, Junction to Case RaJc 
Thermal Resistance, Junction to Ambient R@JA °C/W 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | Max | Unit 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) (Ic = 1.0 mAdc, IE = 0) 2N4125 V(BR)CEO 30 Vde 
2N4126 25 

Collector-Base Breakdown Voltage (Ic = 10 wAdc, Ie = 0) 2N4125 V(BR)CBO 30 Vde 
2N4126 25 


Emitter-Base Breakdown Voltage (l— = 10 wAdc, Ic = 0) V(BR)EBO z= i ie 


PNP SILICON 


Collector Cutoff Current (Vcg = 20 Vdc, IE = 0) ICBO 


Emitter Cutoff Current (VpeE = 3.0 Vdc, Ic = 0) 
ON CHARACTERISTICS 


DC Current Gain(1) 
(I¢ = 2.0 mAdc, VcE = 1.0 Vdc) 2N4125 
2N4126 


(Ic = 50 mAdc, VcE = 1.0 Vdc) 2N4125 
2N4126 


Collector-Emitter Saturation Voltage(1) VCE(sat) Vde 
(I¢ = 50 mAdc, Ip = 5.0 mAdc) 

Base-Emitter Saturation Voltage(1) VBE(sat) Vdc 
(I¢ = 50 mAdc, Ig = 5.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 2N4125 
2N4126 


input Capacitance 
(VBE = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 


Collector-Base Capacitance 
(VcB = 5.0 Vdc, IE = 0, f = 1.0 MHz) 


Small-Signal Current Gain 
(I¢ = 2.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 2N4125 
2N4126 


Current Gain — High Frequency 
(I¢ = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 2N4125 
2N4126 


Noise Figure 
(ic = 100 wAdc, Vce = 5.0 Vdc, Rg = 1.0 k ohm, 
Noise Bandwidth = 10 Hz to 15.7 kHz) 2N4125 
2N4126 


(1) Pulse Test: Pulse Width < 300 psec, Duty Cycle = 2.0%. 
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2N4125, 2N4126 


FIGURE 1 — CAPACITANCE 
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FIGURE 6 — OUTPUT ADMITTANCE 


10 Le Le eee 
pp pt tf ft at 


hee, OUTPUT ADMITTANCE (s:mhos) 


Bie tna 


0.5 1.0 2.0 
Ic. COLLECTOR CURRENT (mA) 


SMALL-SIGNAL DEVICES 


2-17 


MOTOROLA SEMICONDUCTORS 


2N4125, 2N4126 


FIGURE 7 — INPUT IMPEDANCE | FIGURE 8 — VOLTAGE FEEDBACK RATIO 
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2N4125, 2N4126 


FIGURE 11 — “ON” VOLTAGES FIGURE 12 — TEMPERATURE COEFFICIENTS 
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2N4264 
2N4265 _ THERMAL CHARACTERISTICS 


[Characteristic | Symnbot [anaaa 
[alecortmiter Votage ———*dtCceg | 8 | 2 | Va 
[colletorBese Votage | 

[Emitter Base Votage 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 


Symbol 
Thermal Resistance, Junction to Case Re@Jc 


GENERAL PURPOSE TRANSISTOR 


NPN SILICON 


Thermal Resistance, Junction to Ambient Roja 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | Max | Unit 


V(BR)CEO Vde 
15 
12 
Collector-Base Breakdown Voltage V(BR)CBO 20 Vdc 
(Ic = 10 pAdc, IE = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(Ie = 10 wAdc, Ic = 0) 
Base Cutoff Current IBEV pAdc 
(VcE = 12 Vdc, VEB(off) = 0.25 Vdc) 0.1 
(VcE = 12 Vdc, VEB(off) = 0.25 Vdc, Ta = 100°C) 10 
Collector Cutoff Current ICEX 100 nAdc 
(VcE = 12 Vde, VEB(off) = 0.25 Vdc) 
ON CHARACTERISTICS 
DC Current Gain 


(Ic = 1.0 mAdc, VcE = 1.0 Vdc) 2N4264 
2N4265 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 1.0 mAdc, IE = 0) 2N4264 
2N4265 


(I¢ = 10 mAdc, Veg = 1.0 Vde) 2N4264 
2N4265 


(Ic = 10 mAdc, Veg = 1.0 Vde, Ta = —55°C) 2N4264 
2N4265 


(I¢ = 30 mAdc, Vce = 1.0 Vdc) 2N4264 
2N4265 


(I¢ = 100 mAdc, Vcg = 1.0 Vde)(1) 2N4264 


2N4265 


(I¢ = 200 mAdc, VcE 


1.0 Vdc)(1) 2N4264 
2N4265 


Collector-Emitter Saturation Voltage 
(I¢ = 10 mAdc, Ig = 1.0 mAdc) 
(I¢ = 100 mAdc, |B = 10 mAdc)(1) 


Base-Emitter Saturation Voltage 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 
(I¢ = 100 mAdc, IB = 10 mAdc)(1) 


35 = 
“= p= |e | 
VBE(sat) Vde 
0.65 0.80 
0.75 0.95 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


2-20 


2N4264, 2N4265 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Symbol_| Min | Max | Unit _| 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 10 mAdc, Vcg = 10 Vdc, f = 100 MHz) 


Input Capacitance 
(VBE = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 


Collector-Base Capacitance 
(VcB = 5.0 Vdc, IE = 0, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS 


Delay Time (Vcc = 10 Vde, VEB(off) = 2.0 Vde, 
I¢ = 100 mAdc, Ip1 = 10 mAdc) (Fig. 1, Test Condition C) 


Vcc = 10 Vdc, (lc = 10 mAdc, for ts) 
(I¢ = 100 mA for tf) 
IB1 = IB2 = 10 mAdc) (Fig. 1, Test Condition C) 


(Vcc = 3.0 Vdc, VEB(off) = 1.5 Vde, 

I¢ = 10 mAdc, Ipz = 3.0 mAdc) (Fig. 1, Test Condition A) 
(Vcc = 3.0 Vdc, Ic = 10 mAdc, 

Ip1 = 3.0 mAdc, Iga = 1.5 mAdc) (Fig. 1, Test 

Condition A) 


Total Control Charge (Vcc = 3.0 Vdc, Ic = 10 mAdc, Ip = mAdc) (Fig. 1, Test | 
Condition B) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


FIGURE 1 — SWITCHING TIME EQUIVALENT TEST CIRCUIT 


0--/-|--—-\--— o----\\-- 


Vee (off) V2 
= <2 ns <2 ns 


PULSE WIDTH (t,) = 300 ns = DUTY CYCLE = 2% 
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2N4264, 2N4265 


CURRENT GAIN CHARACTERISTICS 


FIGURE 2 — MINIMUM CURRENT GAIN 
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NOTE 1 


When a transistor is held in a conductive state by a base current, 
Is, a charge, Qs, is developed or ‘“‘stored’’ in the transistor. Q; may be 
written: Q; = Q, + Qy + Qy. 

Q, is the charge required to develop the required collector current. 
This charge is primarily a function of alpha cutoff frequency. Q, is 
the charge required to charge the collector-base feedback capacity. 
Qx is excess charge resulting from overdrive, i.e., operation in 
saturation. 

The charge required to turn a transistor ‘‘on’’ to the edge of sat- 
uration is the sum of Q, and Qy which is defined as the active region 
charge, Q,. Q, = Is,t, when the transistor is driven by a constant cur- 


\ 
rent step (I,,) andl << 2 
FE 


If 1, were suddenly removed, the transistor would continue to con- 
duct until Q; is removed from the active regions through an external 
path or through internal recombination. Since the internal recombina- 
tion time is long compared to the ultimate capability of a transistor, a 
charge, Q,, of opposite polarity, equal in magnitude, can be stored on 
an external capacitor, C, to neutralize the internal charge and con- 
siderably reduce the turn-off time of the transistor. Figure 3 shows 
the test circuit and Figure 4 the turn-off waveform. Given Q, from 
Figure 13, the external C for worst-case turn-off in any circuit is: 
C = Q,/ AV, where AV is defined in Figure 3. 
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2N4264, 2N4265 


“ON’’ CONDITION CHARACTERISTICS 


FIGURE 5 — COLLECTOR SATURATION REGION 
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2N4264, 2N4265 


DYNAMIC CHARACTERISTICS 


FIGURE 8 — DELAY TIME 
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FIGURE 12 — JUNCTION CAPACITANCE 
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FIGURE 9 — RISE TIME 
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FIGURE 11 — FALL TIME 
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SMALL-SIGNAL DEVICES 


2N4400 
2N4401 


MAXIMUM RATINGS 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 


Derate above 25°C 


GENERAL PURPOSE 
TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(i¢ = 1.0 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 0.1 mAdc, IE = 0) 

Emitter-Base Breakdown Voltage | V(BR)EBO 
(IE = 0.1 mAdc, Ic = 0) 

Base Cutoff Current 


(VceE = 35 Vdc, Veg = 0.4 Vdc) 


Collector Cutoff Current 
(VcE = 35 Vdc, Veg = 0.4 Vdc) 


ON CHARACTERISTICS(1) 


DC Current Gain 
(I¢ = 0.1 mAdc, VcE 1.0 Vdc) 2N4401 


(Ic = 1.0 mAdc, VcE = 1.0 Vdc) 2N4400 
2N4401 


(Ic = 10 mAdc, Veg = 1.0 Vdc) 2N4400 
2N4401 


(Ic = 150 mAdc, VcE = 1.0 Vdc) 2N4400 
2N4401 


(I¢ = 500 mAdc, VcE = 2.0 Vdc) 2N4400 
2N4401 


Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(Ic = 150 mAdc, lp = 15 mAdc) 0.4 
(I¢ = 500 mAdc, Ip = 50 mAdc) 0.75 
Base-Emitter Saturation Voltage VBE(sat) 
(I¢ = 150 mAdc, Ip = 15 mAdc) 
(I¢ = 500 mAdc, |p = 50 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 20 mAdc, VcE = 10 Vde, f = 100 MHz) 2N4400 
2N4401 


Collector-Base Capacitance 
(VcB = 5.0 Vdc, Ie = 0, f = 100 kHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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| 2N4400, 2N4401 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 


Emitter-Base Capacitance Ceb 
(VBE = 0.5 Vdc, Ic = 0, f = 100 kHz) 


Input Impedance hie k ohms 
(I¢ = 1.0 mAdc, VcE = 10 Vde, f = 1.0 kHz) 2N4400 0.5 7.5 
2N4401 1.0 15 
Voltage Feedback Ratio Hre 0.1 xX 10-4 
(I¢ = 1.0 mAdc, VcE = 10 Vde, f = 1.0 kHz) 


Small-Signal Current Gain hfe 
(I¢ = 1.0 mAdc, Vcg = 10 Vde, f = 1.0 kHz) 2N4400 20 250 
2N4401 40 500 


Output Admittance 
(I¢ = 1.0 mAdc, Vcg = 10 Vde, f = 1.0 kHz) 


SWITCHING CHARACTERISTICS 


(Vcc = 30 Vdc, Veg = 2.0 Vdc, 
I¢ = 150 mAdc, Igy = 15 mAdc) 


(Vcc = 30 Vdc, I¢ = 150 mAdc, 
Ip1 = Ip2 = 15 mAdc) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle = 2.0%. 


SWITCHING TIME EQUIVALENT TEST CIRCUITS 


FIGURE 1 — TURN-ON TIME FIGURE 2 — TURN-OFF TIME 
+30 V +30 V 


1.0 to 100 us, 
| |e 1.0 to 100 ps, 200 0 el shee 200 0 
+16V DUTY CYCLE ~ 2.0% +16 V DUTY CYCLE ~ 2.0%. 
t 
0 ae 
~2.0V eee: 
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~ Scope rise time < 4.0 ns aa 
*Total shunt capacitance of test jig connectors, and oscilloscope 
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2N4400, 2N4401 


FIGURE 5 — TURN-ON TIME FIGURE 6 — RISE AND FALL TIMES 
100 tN] eS 0 0 ee ee es ee ee Se ee Se Oc 2 Ge ae 
ep (a A GR eo a ee Ke Ses ts SS Ss cd 
70 * Sees et es a a “SO SR i A OS OE ae 
PNCIN oe fiat Ian: GM GB Ee 0 Oe a 
59 LS <A i Repatote| PI ep. OB Ss Se 
3 30 PY INN NT rT tr @ Vcc = 30V = 
ane N tr @ Vcc = 10V 2 
= 20 SES td @ Veg = 20V = 
= tN Teche - z 
Pek 
10 a’ 
Hos 
ol EHH 
6.0 PN 
10 2 30 50 70 100 200 300 500 10 20 30 50 70 100 200 300 500 
lc, COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mA) 
FIGURE 7 — STORAGE TIME FIGURE 8 — FALL TIME 
300 100) SSS a 
a eereeanl ‘Soe 
wo r=toett tt Seek Sapo re 
ead od ae 
i HH SRE os 
zo i = ARNT 
a = 
yw eae. sah eee 
b 70 s == RA | mates 


Se SEES 


aes Sar Oe ame 
Seiad miei 
20 


50 70 100 200 §=6300~=— 500 
Ic, COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mA) 


10 20 30 50. 70 100 200 = 300 500 


SMALL-SIGNAL CHARACTERISTICS 


NOISE FIGURE 
VceE = 10 Vde, Ta = 25°C 
FIGURE 9 — FREQUENCY EFFECTS Bandwidth = 1.0 Hz FIGURE 10 — SOURCE RESISTANCE EFFECTS 
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2N4400, 2N4401 


hfe, CURRENT GAIN 


hre, VOLTAGE FEEDBACK RATIO (X 10-4) 


hee, NORMALIZED CURRENT GAIN 


h PARAMETERS 
VcE = 10 Vdc, f = 1.0 kHz, Ta = 25°C 


This group of graphs illustrates the relation- selected from both the 2N4400 and 2N4401 


ship between hfe and other ‘’h’”’ parameters lines, and the same units were used to de- 
for this series of transistors. To obtain these velop the correspondingly numbered curves 
curves, a high-gain and a low-gain unit were on each graph. 
FIGURE 11 — CURRENT GAIN FIGURE 12 — UNPUT IMPEDANCE 
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STATIC CHARACTERISTICS 


FIGURE 15 — DC CURRENT GAIN 
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2N4400, 2N4401 


FIGURE 16 — COLLECTOR SATURATION REGION 
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FIGURE 17 — “ON” VOLTAGES FIGURE 18 — TEMPERATURE COEFFICIENTS 
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2N4402 


2N4403 MAXIMUM RATINGS 


ee 
cuectortmiterVotage ideo | wo 
[oletorBese Vottge «dt Vg | 
[Emiter Bese Votege «dt Veg | 80 | Ve 
[calector Current — Contiewous ‘| Ig Yo 


Total Device Dissipation @ Ta = 25°C 625 mW 
Derate above 25°C 5.0 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction TJ, Tstg | —55 to +150 °C 
Temperature Range 
GENERAL PURPOSE THERMAL CHARACTERISTICS 


TRANSISTOR Symbol 
PNP SILICON Thermal Resistance, Junction to Case 83.3 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | Max | Unit _| 
Collector-Emitter Breakdown Voltage(1) (Ic = 1.0 mAdc, Ig = 0) Vipryceo | 40—O| CU SC 


Collector-Base Breakdown Voltage (Ic = 0.1 mAdc, IE = 0) V(BR)CBO 


Emitter-Base Breakdown Voltage (IE = 0.1 mAdc, Ic = 0) V(BR)EBO | 5.0 | 


OFF CHARACTERISTICS 


Base Cutoff Current (VcE = 35 Vdc, Veg = 0.4 Vdc) IBEV 
Collector Cutoff Current (VcE = 35 Vdc, Vee = 0.4 Vdc) 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 0.1 mAdc, VcE 1.0 Vdc) 2N4403 


(Ic = 1.0 mAdc, Vcg = 1.0 Vdc) 2N4402 
2N4403 


(I¢ = 10 mAdc, VcE = 1.0 Vdc) 2N4402 
2N4403 


(I¢ = 150 mAdc, Veg = 2.0 Vde)(1) 2N4402 
2N4403 


(I¢ = 500 mAdc, Vcg = 2.0 Vdc)(1) Both 


Collector-Emitter Saturation Voltage(1) VCE(sat) 
(I¢ = 150 mAdc, Ip = 15 mAdc) 
(I¢ = 500 mAdc, Ip = 50 mAdc) 


Base-Emitter Saturation Voltage(1) 
(I¢ = 150 mAdc, Ip = 15 mAdc) 
(I¢ = 500 mAdc, Ip = 50 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 20 mAdc, Vcg = 10 Vdc, f = 100 MHz) 2N4402 
2N4403 


Collector-Base Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 140 kHz) 


Emitter-Base Capacitance 
(VBE = 0.5 Vdc, Ic = 0, f = 140 kHz) 


Input Impedance 
(I¢ = 1.0 mAdc, Vcg = 10 Vde, f = 1.0 kHz) 2N4402 
2N4403 
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2N4402, 2N4403 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Voltage Feedback Ratio 
(I¢ = 1.0 mAdc, Vcge = 10 Vdc, f = 1.0 kHz) 


Small-Signal Current Gain 
(I¢ = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 2N4402 
2N4403 


Output Admittance 


(I¢ = 1.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 


SWITCHING CHARACTERISTICS 


I¢ = 150 mAdc, Ip1 = 15 mAdc) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 


SWITCHING TIME EQUIVALENT TEST CIRCUIT 


FIGURE 1 — TURN-ON TIME FIGURE 2 — TURN-OFF TIME 
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2N4402, 2N4403 


FIGURES5—TURN-ONTIME ~ . FIGURE 6 — RISE TIME 
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2N4402, 2N4403 


hee, CURRENT GAIN 


h,e. VOLTAGE FEEDBACK RATIO (X10~4) 


Nee, NORMALIZED CURRENT GAIN 
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h PARAMETERS 
Vce = 10 Vdc, f = 1 kHz, Ty, = 25°C 


This group of graphs illustrates the relationship be- 
tween h;, and other ‘‘h’’ parameters for this series 
of transistors. To obtain these curves, a high-gain 
and a low-gain unit were selected from both the 


FIGURE 10 — CURRENT GAIN 
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FIGURE 12 — VOLTAGE FEEDBACK RATIO 
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Ic, COLLECTOR CURRENT (mAdc) 


2N4402 and 2N4403 lines, and the same units 
were used to develop the correspondingly- 
numbered curves on each graph. 


FIGURE 11 — INPUT IMPEDANCE 
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FIGURE 13 — oe ADMITTANCE 


Noe, OUTPUT ADMITTANCE (zmhos) 
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STATIC CHARACTERISTICS 


FIGURE 14 — DC CURRENT GAIN 
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2N4402, 2N4403 


FIGURE 15 — COLLECTOR SATURATION REGION 
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2N4409 


MAXIMUM RATINGS 2 N44 1 0 


Tveeo | 50 | 80 | Vdc 
veo [eo | 120 | Vao 
ENeso a Bo va 


250 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Collector Current — Continuous 


| ic | 250 
Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 1.5 
Derate above 25°C 12 
TJ, Tetg | —65 to +200 


/ 


AMPLIFIER TRANSISTOR 


NPN SILICON 


Thermal Resistance, Junction to Ambient 


Refer to 2N5550 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit _ | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(I¢ = 1.0 mAdc, Ip = 0) 2N4409 
2N4410 


V(BR)CEO 


V(BR)CEX Vde 
80 
120 
2N4409 


V(BR)CBO Vde 
80 
2N4410 120 
Emitter-Base Breakdown Voltage V(BR)EBO Vdo 
(le = 10 pAdc, Ic = 0) 


Collector Cutoff Current 


Collector-Emitter Breakdown Voltage 
(Ic = 500 wAdc, Vag = 5.0 Vdc, Rpg = 8.2 kohms) 2N4409 
2N4410 


Collector-Base Breakdown Voltage 
(I¢ = 10 pAdc, I- = 0) 


(Vcp = 60 Vdc, Ie = 0) 2N4409 
(Vcp = 60 Vdc, Ip = 0, Ta = 100°C) 2N4409 
(VcgR = 100 Vdc, Ip = 0) 2N4410 
(Vcp = 100 Vdc, IE = 0, Ta = 100°C) 2N4410 


Emitter Cutoff Current pAdc 
(VBE = 4.0 Vdc, Ic = 0) 
ON CHARACTERISTICS 


DC Current Gain (I¢ = 1.0 mAdc, VcgE = 1.0 Vdc) 
(I¢ = 10 mAdc, VcgE = 1.0 Vdc) 


Collector-Emitter Saturation Voltage (lc = 1.0 mAdc, lg = 0.1 mAdc) VCE(sat) | — | 02 | Vde | 
Base-Emitter Saturation Voltage (Ic = 1.0 mAdc, Ip = 0.1 mAdc) VBE(sat) | o— | 08 | Vde | 
Base-Emitter On Voltage (Ic = 1.0 mAdc, VcE = 5.0 Vdc) Vec(on) | — | 08 | Vdc | 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(I¢ = 10 mAdc, VcgE = 10 Vdc, f = 30 MHz) 


Collector-Base Capacitance 


(VcB = 10 Vde, Ile = 0, f = 140 kHz, emitter guarded) 


Emitter-Base Capacitance 
(Vee = 0.5 Vdc, Ic = 0, f = 140 kHz, collector guarded) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
(2) fr = |hfel * ftest- 
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2N5086 - 
ON 5087 MAXIMUM RATINGS 

[colestor Base Voltage dca) 
[Emitter Bese Voltage __——~—S«d;SCVeag | a0 


Collector Current — Continuous a a ee 


Total Device Dissipation @ Ta = 25°C mw 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C mW/°C 


Operating and Storage Junction TJ, Tstg | —55 to +150 
Temperature Range 
THERMAL CHARACTERISTICS 


Symbol | Max | __Unit_—| 
Thermal Resistance, Junction to Case | Rac | 125 | °cw | 
Thermal Resistance, Junction to Ambient R@JA(t) | 387, | ecw 


(1) RaJA is measured with the device soldered into a typical printed circuit board. 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage(2) V(BR)CEO 
(Ic = 1.0 mAdc, Ig = 0) 
Collector-Base Breakdown Voltage V(BR)CBO 
: (I¢ = 100 pAdc, Ig = 0) 
| Collector Cutoff Current ICBO nAdc 
: (VcB = 10 Vdc, IE = 0) 10 
| (Vcgp = 35 Vdc, Ie = 0) ee)! 
| Emitter Cutoff Current nAdc 
(VBE = 3.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 100 wAdc, VcgE = 5.0 Vdc) 2N5086 - 
2N5087 


(Ic = 1.0 mAdc, Veg = 5.0 Vde) 2N5086 
2N5087 


(Ic = 10 mAde, Veg = 5.0 Vde)(2) 2N5086 
2N5087 


Collector-Emitter Saturation Voltage VCE(sat) 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 

Base-Emitter On Voltage VBE(on) 
(i¢ = 1.0 mAdc, VcE = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(i¢ = 500 wAdc, Vce = 5.0 Vde, f = 20 MHz) 


Collector-Base Capacitance 
(VcB = 5.0 Vdc, IE = 0, f = 100 kHz) 


| Small-Signal Current Gain 


| (ic = 1.0 mAdc, Voce = 5.0 Vde, f = 1.0 kHz) 2N5086 
| 2N5087 
: Noise Figure 
: (IC = 20 Adc, Vce = 5.0 Vdc, Rg = 10 k anne 2N5086 
| f = 10 Hz to 15.7 kHz) 2N5087 
(Ic = 100 wAdc, VcE = 5.0 Vde, Rg = 3.0 k ohms, 2N5086 
f = 1.0 kHz) 2N5087 
(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. _ 
MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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2N5086, 2N5087 


TYPICAL NOISE CHARACTERISTICS 
(VcE = 5.0 Vde, Ta = 25°C) 


FIGURE 1 — NOISE VOLTAGE FIGURE 2 — NOISE CURRENT 
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= ae —ee S 
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2N5086, 2N5087 


TYPICAL STATIC CHARACTERISTICS 


FIGURE 6 — DC CURRENT GAIN: 
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FIGURE 7 — COLLECTOR SATURATION REGION FIGURE 8 — COLLECTOR CHARACTERISTICS 
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2N5086, 2N5087 


TYPICAL DYNAMIC CHARACTERISTICS 


_ FIGURE 11 — TURN-ON TIME 
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FIGURE 13 — CURRENT-GAIN — BANDWIDTH PRODUCT 
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FIGURE 12 — TURN-OFF TIME 
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2N5086, 2N5087 


FIGURE 17 — THERMAL RESPONSE 
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FIGURE 18 — ACTIVE-REGION SAFE OPERATING AREA 
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FIGURE 19 — TYPICAL COLLECTOR LEAKAGE CURRENT DESIGN NOTE: USE OF THERMAL RESPONSE DATA 
2 a ae ee eA ae es A train of periodical power pulses can be represented by 
= 193 et BA ee PA ee es the model as shown in Figure 19A. Using the model and the 
S ” pe A Pe he ed d i th | e n th 1iz d ff ti e tran j nt 
= rl ee a RP aa evice thermal response the normalized effective transie 
Wi a9 EAE REE Seen Fao Ae a thermal resistance of Figure 19 was calculated for various 
aN ee 
= Saas! 4 ipaq duty cycles. 
= —_ on L—. To find Z@JjA(t), Multiply the value obtained from: 
" — — —— Figure 19 by the steady state value Rg ja. : 
a pom] Example: 
Q 100 ——s The MPS3905 is dissipating 2.0 watts peak under the 
3 as following conditions: 
10-1 —— t1 = 1.0 ms, t2 = 5.0 ms (D = 0.2) 
aes Using Figure 19 at a pulse width of 1.0 ms and D = 0.2, 
10-2 ae 
40-20. 0 +20 +40 +60 +80 +100 +120 +140 +160 the reading of r(t) is 0.22. 
: The peak rise in junction temperature is therefore 
Ty, JUNCTION TEMPERATURE (°C) AT =r(t) x P (ok) x Roja = 0.22 x 2.0 x 200 = 88°C. 
For more information, see AN-569. 
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2N5088 


MAXIMUM RATINGS 2N5089 


| Rating | Symbol | 2nsoae| 2nsog9 | Unit _| 
[eateaorenivervetage [vero | 90 [a8 | wae 
fe ae ee Se ee 
Vde 
chr eo Terr a 
mw 
mW/°C 
Watt 
mwWw/°C 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
Total Device Dissipation @ Tc = 25°C 1.5 
Derate above 25°C 12 
Operating and Storage Junction TJ, Tstg —55 to +150 °C 
Temperature Range 
THERMAL CHARACTERISTICS 


Symbol | Max | Unit _ | 
Thermal Resistance, Junction to Case R@Jc 
Thermal Resistance, Junction to Ambient R@JjA(1) 


AMPLIFIER TRANSISTOR 


NPN SILICON 


Refer to MPSA18 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


P Characteristic | Symbot | Min | Max | Unit_| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 


(i¢ = 1.0 mAdc, Ip = 0) 2N5088 V(BR)CEO 30 Vde 
2N5089 25 

Collector-Base Breakdown Voltage (Ic = 100 wAdc, IE = 0) 2N5088 V(BR)CBO 35 Vde 
2N5089 30 

Collector Cutoff Current (Vcp = 20 Vdc, IE = 0) 2N5088 ICBO nAdc 

(VcR = 15 Vde, IE = 0) 2N5089 : 
Emitter Cutoff Current (VEB(off) = 3.0 Vdc, Ic = 0) 50 nAdc 
(VEB(off) = 4.5 Vdc, Ic = 0) 100 


ON CHARACTERISTICS 


DC Current Gain — 
(I¢ = 100 wAdc, Vee = 5.0 Vdc) 2N5088 
2N5089 


(I¢ = 1.0 mAdc, Vcg = 5.0 Vdc) 2N5088 
2N5089 


(Ic = 10 mAdc, Vcg = 5.0 Vde)(2) 2N5088 
2N5089 


Collector-Emitter Saturation Voltage | VCE(sat) 
(I¢ = 10 mAdc, IB = 1.0 mAdc) 

Base-Emitter On Voltage VBE(on) 
(I¢ = 10 mAdc, Vcge = 5.0 Vdc)(2) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(I¢ = 500 wAdc, Vcg = 5.0 Vde, f = 20 MHz) 
Collector-Base Capacitance 

(VcB = 5.0 Vdc, IE = 0, f = 100 kHz) 


Emitter-Base Capacitance 
(VBE = 0.5 Vdc, Ic = 0, f = 100 kHz) 


Small-Signal Current Gain 
(I¢ = 1.0 mAdc, VcgE = 5.0 Vdc, f = 1.0 kHz) 2N5088 
2N5089 


Noise Figure 
(I¢ = 100 wAdc, Vcg = 5.0 Vdc, Rs = 10 kohms, 2N5088 
f = 10 Hz to 15.7 kHz) 2N5089 


(1) Raja is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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2N5208, 


CASE 29-02, STYLE 2 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


—_[symbot [value [Unit 
mw 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C mw/°C 


Total Device Dissipation @ Tc = 25°C Watt 
Derate above 25°C mW/°C 


Operating and Storage Junction TJ Tstg | —55 to +150 °C 
Temperature Range 


GENERAL PURPOSE 
TRANSISTOR 


PNP SILICON 


THERMAL CHARACTERISTICS 


Symbol | Max | Unit 
Thermal Resistance, Junction to Case R@Jc 
Thermal Resistance, Junction to Ambient Re@JA(1) 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Characteristic | Symbol] Min | Max | unit | 


Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(Ic = 1.0 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 0.1 mAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(l—E = 10 wAdc, Ic = 0) | 

Collector Cutoff Current | ICBO nAdc 
(VcB = 10 Vde, Ie = 0) 

Emitter Cutoff Current nAdc 
(VBE = 2.0 Vde, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 2.0 mAdc, VcfE = 10 Vdc) 


OFF CHARACTERISTICS 


Base-Emitter On Voltage 
(I¢ = 2.0 mAdc, VcE = 10 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product fT 1200 
(Ic = 2.0 mAdc, Vcg = 10 Vde, f = 100 MHz) 
Input Capacitance os . Cibo 
(VBE = 2.0 Vdc, Ic = 0, f = 1.0 MHz) 
Collector-Base Capacitance Cob pF 
(VcB = 10 Vde, Ie = 0, f = 1.0 MHz) . 
Collector Base Time Constant rb’C> 
(IE = 2.0 mAdc, Vcg = 10 Vde, f = 31.8 MHz) 


Noise Figure 
(I¢ = 2.0 mAdc, VcgE = 10 Vde, Rg = 75 ohms, f = 100 MHz, BW = 1.0 MHz) 


FUNCTIONAL TEST 
Amplifier Power Gain 


(I¢ = 2.0 mAdc, Vcg = 10 Vde, f = 100 MHz) 
(1) RajA is measured with the device soldered into a typical printed circuit board. 
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2N5208 
FIGURE 1 - 100 MHz POWER GAIN AND NOISE FIGURE TEST CIRCUIT 
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COMMON-EMITTER Y PARAMETERS (Polar Plots) 
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FIGURE 3 - OUTPUT ADMITTANCE 
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FIGURE 2 - INPUT ADMITTANCE 
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FIGURE 5 - REVERSE TRANSFER ADMITTANCE 
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FIGURE 4- FORWARD TRANSFER ADMITTANCE 
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2N5208 


STABILITY FACTOR CURVE 


FIGURE 6 - POWER GAIN AND NOISE FIGURE FIGURE 7 - MAXIMUM TRANSDUCER GAIN 
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COMMON-EMITTER Y PARAMETERS vs FREQUENCY 
VCE = 10 Vdc, Ta = 25°C 
FIGURE 8- INPUT ADMITTANCE FIGURE 9- OUTPUT ADMITTANCE 
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2N5208 


STABILITY FACTOR CURVES 


FIGURE 12 - OPTIMUM SOURCE ADMITTANCE 
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FIGURE 13 - OPTIMUM LOAD ADMITTANCE 
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When a potentially unstable device is operated without feedback, there is an infinite number of combinations of 
source and load admittance associated with any given circuit stability factor (k). Equations have been developed for 


determining the optimum source and load admittance for maximum gain. Figures 7, 12 and 13 provide 
the equations for the 2N5208. 
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NOISE FIGURE 


FIGURE 14- FREQUENCY EFFECTS 
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FIGURE 15 - SOURCE RESISTANCE EFFECTS 
Vce = 10V 
Ic =2.0mA 
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FIGURE 16 - CURRENT-GAIN —BANDWIDTH PRODUCT 
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2N5208 


FIGURE 18 - DC CURRENT GAIN 
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2N5209 
2N5210 


MAXIMUM RATINGS : | 


| Rating | Symbol | Value 


Collector-Base Voltage a VCBO | 50] de 
Emitter-Base Voltage | VEBO 2 ee | Vde 
Collector Current — Continuous | mAdc | 


Total Device Dissipation @ Ta = 25°C 625 mW 
Derate above 25°C 5.0 mWw/°C 

Total Device Dissipation @ Tc = 25°C 1.5 Watt 
Derate above 25°C 12 mw/°C 

Operating and Storage Junction TJ, Tstg —55 to +150 °C 
Temperature Range 

THERMAL CHARACTERISTICS 


[Characteristic ———=«;«Symbol_ 
Thermal Resistance, Junction to Case Re@Jc °C/W 
Thermal Resistance, Junction to Ambient | Rgja(1) 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


NPN SILICON 


Refer to MPSA18 for graphs. 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


po haracteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 
Coilector-Emitter Breakdown Voltage V(BR)CEO Vde 
(I¢ = 1.0 mAdc, Ip = 0) . 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(I¢ = 0.1 mAdc, IE = 0) 
Collector Cutoff Current ICBO nAdc 
(VcB = 35 Vdc, IE = 0) 
Emitter Cutoff Current nAdc 
(VBE = 3.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 
DC Current Gain 


(Ic = 100 wAde, Vcg = 5.0 Vdc) 2N5209 
2N5210 


(Ic = 1.0 mAde, VcE = 5.0 Vdc) 2N5209 
2N5210 


(Ic = 10 mAdc, Vcg = 5.0 Vde)(2) 2N5209 : 
2N5210 — 


Collector-Emitter Saturation Voltage VCE(sat) 0.7 Vdc 
(I¢ = 10 mAdc, Ig = 1.0 mAdc) 

Base-Emitter On Voltage VBE(on) Vdc 
(i¢ = 1.0 mAdc, Vcge = 5.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 500 wAdc, VcE = 5.0 Vde, f = 20 MHz) 


Collector-Base Capacitance 
(VcB = 5.0 Vdc, IE = 0, f = 100 kHz) 


Small-Signal Current Gain 
(I¢ = 1.0 mAdc, Vce = 5.0 Vdc, f = 1.0 kHz) 2N5209 
2N5210 


Noise Figure 
(I¢ = 20 Adc, VcE = 5.0 Vde, Rg = 22 k ohms, 2N5209 
f = 10 Hz to 15.7 kHz) 2N5210 


(I¢ = 20 pAdc, VcE = 5.0 Vdc, Rg = 10 k ohms, 2N5209 
f = 1.0 kHz) 2N5210 


(1) RgjA is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
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2N5222 


CASE 29-02, STYLE 2 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Collector-Base Voltage VCBO 
Emitter-Base Voltage = VEBO 
Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


AMPLIFIER TRANSISTOR 


NPN SILICON 


THERMAL CHARACTERISTICS 


| Characteristic | Symbol | Max | Unit _| 
Thermal Resistance, Junction to Case R@JC 
Thermal Resistance, Junction to Ambient |; Rgjal(1) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Collector-Emitter Breakdown Voltage 


V(BR)CEO 15 Vde 
(I¢ = 1.0 mAdc, IB = 0) 
Collector-Base Breakdown Voltage V(BR)CBO 20 Vde 
(Ic = 100 »Adc, IE = 0) 


OFF CHARACTERISTICS 


Emitter-Base Breakdown Voltage V(BR)EBO 


Collector Cutoff Current ICBO 100 nAdc 
(VcBp = 10 Vde, IE = 0) 
Emitter Cutoff Current lEBO nAdc 
(VBE = 2.0 Vde, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain(2) hFE 20 
(Ic = 4.0 mAdc, Vcg = 10 Vdc) 

Collector-Emitter Saturation Voltage VCE(sat) 1.0 Vde 
(i¢ = 4.0 mAdc, Ip = 400 nAdc) 


Base-Emitter On Voltage VBE(on) — 
(I¢ = 4.0 mAdc, Ip = 400 pAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 4.0 mAdc, Vcg = 10 Vde, f = 20 MHz) 


Collector-Base Capacitance 


(Veg = 10 Vdc, Ie = 0, f = 1.0 MHz) 


Small-Signal Current Gain 
(Ic = 4.0 mAdc, Vcge = 10 Vde, f = 1.0 kHz) 


(1) RejA is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width ~ 300 ys, Duty Cycle ~ 2.0%. 
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2N5222 


COMMON-BASE y PARAMETERS versus FREQUENCY 
(VcB = 10 Vde, Ic = 4.0 mAdc, Ta = 25°C) 
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FIGURE 3 — RECTANGULAR FORM FIGURE 4 — POLAR FORM 
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COMMON-BASE y PARAMETERS versus FREQUENCY 
(VcB = 10 Vdc, Ic = 4.0 mAdc, Ta = 25°C) | 
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FIGURE 6 — POLAR FORM 
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2N5222 


‘Yob, OUTPUT ADMITTANCE _ 


FIGURE 7 — RECTANGULAR FORM FIGURE 8 — POLAR FORM 
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2N5223 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 


AMPLIFIER TRANSISTOR 


NPN SILICON 


Characteristic 


Thermal Resistance, Junction to Case Rec 
Thermal Resistance, Junction to Ambient Re@JA(1) 


(1) RejA is measured with the device soldered into a typical printed circuit board. 


Refer to 2N3903 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


a 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage ‘ V(BR)CEO 20 Vde 
(I¢ = 1.0 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage ViBR)CBO | 25 Vdc 
(I¢ = 100 wAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 100 wAdc, Ic = 0) 

Collector Cutoff Current ICBO nAdc 
(VcB = 10 Vdc, IE = 0) 


Emitter-Cutoff Current 
(VBE = 3.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain hee 800 
(I¢ = 2.0 mAdc, Vcge = 10 Vde) 
Collector-Emitter Saturation Voltage VCE(sat) 0.7 Vdc 
(ic = 10 mAdc, Ip = 1.0 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) 1.2 Vde 
(I¢ = 10 mAdc, lp = 1.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS | 


Current-Gain — Bandwidth Product 
(i¢ = 10 mAdc, VcfE = 10 Vdc, f = 20 MHz) 


Collector-Base Capacitance 


(VcB = 10 Vdc, Ip = 0, f = 1.0 MHz) 


Small-Signal Current Gain 
(Ic = 2.0 mAdc, VcEe = 10 Vde, f = 1.0 kHz) 
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2N5224 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Total Device Dissipation @ Ta = 25°C 


Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


SWITCHING TRANSISTOR 


NPN SILICON 


Symbol | Max 
Thermal Resistance, Junction to Case Re@Jc 
Thermal Resistance, Junction to Ambient R@JA(1) 


(1) RejA is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO 12 Vdc 
(I¢ = 10 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage V(BR)CBO 25 Vdc 
(I¢ = 100 pAdc, IE = 0) 


OFF CHARACTERISTICS 


Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 100 wAde, ic = 0) 

Collector Cutoff Current ICBO nAdc 
(VcB = 15 Vdc, IE = 0) 

Emitter Cutoff Current 100 pAdc 
(VBE = 4.0 Vde, Ic = 0) 

ON CHARACTERISTICS : 

DC Current Gain NFE 
(I¢ = 10 mAdc, VcE = 1.0 Vde) 
(I¢ = 100 mAdc, VcgE = 1.0 Vdc)(2) 

Collector-Emitter Saturation Voltage . VCE(sat) Vde 
(I¢ = 10 mAdc, Ip = 3.0 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) Vdc 
(I¢ = 10 mAdc, Ip = 3.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain — Bandwidth Product 
(i¢ = 10 mAdc, Vcg = 10 Vde, f = 100 MHz) 


Collector-Base Capacitance 
(Vcp = 5.0 Vdc, ig = 0, f = 1.0 MHz) 


_ SWITCHING CHARACTERISTICS 


Delay Time (Vcc = 3.0 Vde, VBE(oft) = 1.5 Vde 


Rise Time Ic = 10 mAdc, lpi = 3.0 mAdc) 


Storage Time (Vcc 2 3.0 Vdc, 
Fall Time Ic = 10 mA, IB1 = Ip2 = 3.0 mAdc) 


(2) Pulse Test: Pulse Width < 300 ps, Duty Cycle < 2.0%. 
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2N5224 
FIGURE 1 — SWITCHING TIME TEST CIRCUIT 


Voc =3.0V 


SCOPE 
IN 
TURN-ON INPUT PULSE TURN-OFF INPUT PULSE 
MSD6100 
GENERATOR SOURCE IMPEDANCE = 50 ohms -3.0V 
INPUT PULSE: OSCILLOSCOPE: 
RISE TIME < 2.0 ns RISE TIME < 0.4 ns 
FALL TIME < 2.0 ns INPUT RESISTANCE > 50 ohms 
NOMINAL PULSEWIDTH = 300 ns INPUT CAPACITANCE < 4.0 pF 
NOMINAL DUTY CYCLE = 2.0% 
For tq and ty, diode is disconnected. 
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2N5225 - MAXIMUM RATINGS 
, Rating | Unit | 
CASE 29-02, STYLE 1 eo Vde 
TO-92 (TO-226AA) ‘Vde 
Vde 
mW 


| Vde _| 

| Vide _ | 

| vdeo _| 
Total Device Dissipation @ Ta = 25°C 


Derate above 25°C mW/°C 


Total Device Dissipation @ Tc = 25°C : Watt 
Derate above 25°C 


THERMAL CHARACTERISTICS 


Characteristic | Symbol | Max | Unit _| 
Thermal Resistance, Junction to Case Rejc | 125 | ecw 
Thermal Resistance, Junction to Ambient RgjA(1) 


(1) RejJA is measured with the device soldered into a typical printed circuit board. 


AMPLIFIER TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Characteristic | Symbot_| min [| Max | Unit _| 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO 25 Vdc 
(i¢ = 10 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 25 Vdc 
(Ic = 100 pAde, Ie = 0) 


OFF CHARACTERISTICS 


Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 100 Adc, Ic = 0) 
Collector Cutoff Current ICBO nAdc 
(Vcp = 15 Vde, IE = 0) 
Emitter Cutoff Current nAdc 
(VBE = 4.0 Vdc, Ic = 0) 
ON CHARACTERISTICS(2) 
DC Current Gain hrE 
(I¢ = 10 mAdc, Vcge = 10 Vdc) 25 
(I¢ = 50 mAdc, Vcg = 10 Vdc) 30 
Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(I¢ = 100 mAdc, Ip = 10 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) Vde 
(I¢ = 100 mAdc, Ip = 10 mAdc) 

SMALL-SIGNAL CHARACTERISTICS | 
Current-Gain — Bandwidth Product 
(I¢ = 20 mAdc, Vcg = 10 Vde, f = 20 MHz) 
Collector-Base Capacitance 


(Vcp = 5.0 Vde, Ie = 0, f = 1.0 MHz) 


Smail-Signal Current Gain 
(I¢ = 50 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 


(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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2N5226 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


AMPLIFIER TRANSISTOR 


PNP SILICON 


Characteristic 
Thermal Resistance, Junction to Case 


Thermal Resistance, Junction to Ambient 


(1) ReJA is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


[Characteristic «Symbol “| Min | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO 25 Vdc 
(i¢ = 10 mAdc, lg = 0) 


Collector-Base Breakdown Voltage ViBR)CBO | 25 Vdc 
(I¢ = 100 pAdc, IE = 0) 
Collector Cutoff Current ICBO 300 nAdc 
(VcB = 15 Vdc, Ic = 0) 
Emitter Cutoff Current nAdc 
(VBE = 4.0 Vdc, Ic = 0) 
DC Current Gain 
(I¢ = 10 mAdc, Vcg = 10 Vdc) 
Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(I¢ = 100 mAdc, Ip = 10 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) Vde 
(I¢ = 100 mAdc, lg = 10 mAdc) 
Current-Gain — Bandwidth Product 
(I¢ = 20 mAdc, Vcg = 10 Vdc, f = 20 MHz) 


Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 100 Adc, Ic = 0) 
ON CHARACTERISTICS(2) 
FE 
(I¢ = 50 mAdc, Vcge = 10 Vdc) 
SMALL-SIGNAL CHARACTERISTICS 
Collector-Base Capacitance 


(VcB = 5.0 Vdc, Ie = 0, f = 1.0 MHz) 


Small-Signal Current Gain 
(I¢ = 50 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 


(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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2N5227 | MAXIMUM RATINGS 


Rating 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device eee neren. @ Tc = 25°C 


Derate above 25°C 


AMPLIFIER TRANSISTOR 


PNP SILICON 


Thermal Resistance, Junction to Ambient ReJA(1) °C/W 


(1) RajJA is measured with the device soldered into a typical printed circuit board. 
Refer to 2N3905 for graphs. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Characteristic | Symbol_| Min | Max | Unit _| 

OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CEO Vde 

(i¢ = 1.0 mAdc, Ip = 0) 

_Collector-Base Breakdown Voltage V(BR)CBO 30 Vdc 

(I¢ = 100 wAdc, Ie = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 

(IE = 100 wAdc, Ic = 0) 


Collector Cutoff Current 
(VcB = 10 Vdc, Ig = 0) 


Emitter Cutoff Current 
(VBE = 2.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(i¢ = 100 wAdc, VcE = 10 Vdc) 
(I¢ = 2.0 mAdc, VcE = 10 Vdc) 


Collector-Emitter Saturation Voltage VCE(sat) 
(I¢ = 10 mAdc, Ig = 1.0 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) 0 
(Ic = 10 mAdc, Ip = 1.0 mAdc) - 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 10 mAdc, VcE = 10 Vdc, f = 20 MHz) 


Collector-Base Capacitance 


(VcB = 10 Vde, Ie = 0, f = 1.0 MHz) 


Small-Signal Current Gain 
(I¢ = 2.0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 
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MAXIMUM RATINGS 


Emitter-Base Voltage 


Collector Current — Continuous 


2N5228 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 


Symbol | Max 
Thermal Resistance, Junction to Case Re@sc 


SWITCHING TRANSISTOR 


PNP SILICON 


5 
Thermal Resistance, Junction to Ambient ReJA(1) 


(1) RgjA is measured with the device soldered into a typical printed circuit board. 


Refer to MPS3640 for graphs. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


po Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage(2) (Ic = 10 mAdc, Ip = 0) . 
Collector-Emitter Breakdown Voltage (Ic = 100 wAdc, Vee = 0) 
Collector-Base Breakdown Voltage (Ic = 100 wAdc, IE = 0) 
[Collector Cutoff Current (Voce = 40Vde,Vpe= 0 ces | 
[Emitter Cutoff Current (Vee =25Vdcic=0 | ew | 
ON CHARACTERISTICS 
DC Current Gain (Ic = 10 mAdc, VcgE = 0.3 Vdc) pe | 
(I¢ = 50 mAdc, VcE = 1.0 Vde)(2) | 
Collector-Emitter Saturation Voltage (lc = 10 mAdc, Ip = 3.0 mAdc) | Vce(say) |  o— | 


de 
Base-Emitter Saturation Voltage (Ic = 10 mAdc, lp = 3.0 mAdc) VBE(sat) | 065 | 1.25 | Vde 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product (Ic = 10 mAdc, Vcg = 5.0 Vdc, f = 100 MHz) | ty =f 00s | 3S — | Me 


fT MHz 
Collector-Base Capacitance (Vcg = 5.0 Vdc, Ip = 0, f = 1.0 MHz) ee eee ee ee ee ee ee 
SWITCHING CHARACTERISTICS 
Delay Time (Vcc = 3.0 Vde, VBE(off) = 1.5 Vde 
ic 2 mide br eo mage 
Fall Time IB1 = IB2 = 3.0 mAdc) 


(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


2-57 


- 2N5228 


PE 
15V me 


OV 


-10.55 V — -10.7V — 
| TURN-ON INPUT PULSE TURN-OFF INPUT PULSE , 
GENERATOR SOURCE IMPEDANCE = 50 ohms he 
| INPUT PULSE: OSCILLOSCOPE: 
RISE TIME < 2.0 ns RISE TIME < 0.4 ns 
FALL TIME < 2.0 ns. INPUT RESISTANCE > 50 ohms 
NOMINAL PULSEWIDTH = 300 ns INPUT CAPACITANCE < 4.0 pF 


| | NOMINAL DUTY CYCLE = 2.0% 
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MAXIMUM RATINGS 


[Rating | Symbot [ansaoo [2neaor | Unit 
[colecortmiterVottge ——~+|_Voeo | 120 | 150 | vedo 
[collector Base Vottage ‘(| Vego | 130 | 160 | vedo 
[Emitte-Bese Vottags ——~—~S~«dt(“Meg | 8d 


Total Device Dissipation @ Ta = 25°C 625 mw 
Derate above 25°C 5.0 mW/°C 
Total Device Dissipation @ Tc = 25°C Watt 
Derate above 25°C mWw/°C 
Operating and Storage Junction Ty, Tstg —55 to +150 °C 
Temperature Range | 
THERMAL CHARACTERISTICS | 


| Characteristic | Symbol | Max | Unit_ 
Thermal Resistance, Junction to Case ReJc 
Thermal Resistance, Junction to Ambient RJA | 200 °C/W 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


2N5400 
2N5401 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


PNP SILICON 


TC aracteins S*d;SC bt | ine 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(Ic = 1.0 mAdc, Ip = 0) 2N5400 
2N5401 


Collector-Base Breakdown Voltage 
(Ic = 100 wAde, Ie = 0) 2N5400 
2N5401 


Emitter-Base Breakdown Voltage 
(ig = 10 wAdc, Ic = 0) 

Collector Cutoff Current 
(VcB = 100 Vdc, IE 2N5400 
(VcB = 120 Vdc, IE = 2N5401 
(VcB = 100 Vdc, IE = 0, Ta = 100°C) 2N5400 
(Veg = 120 Vdc, IE = 0, Ta = 100°C) 2N5401 


Emitter Cutoff Current . 
(Veg = 3.0 Vdc, Ic = 0) 


ON CHARACTERISTICS(1) 


DC Current Gain 
(I¢ = 1.0 mAdc, Vcg = 5.0 Vdc) 2N5400 
2N5401 


(Ic = 10 mAdc, Vcg = 5.0 Vde) 2N5400 
2N5401 


(ic = 50 mAde, VcE = 5.0 Vdc) 2N5400 
2N5401 


Collector-Emitter Saturation Voltage 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 
(Ic = 50 mAdc, Ip = 5.0 mAdc) 


Base-Emitter Saturation Voltage 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 
(I¢ = 50 mAdc, Ip = 5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product. 
(I¢ = 10 mAdc, Vcg = 10 Vde, f = 100 Mhz) 2N5400 
2N5401 


Output Capacitance 
(VcB = 10 Vdc, IE = 0, f = 1.0 MHz) 
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_ pm | - | 
V(BR)CBO Vde 

130 

160 


VCE(sat) 


VBE(sat) 


MOTOROLA SEMICONDUCTORS 


FIGURE 1 — DC CURRENT GAIN 


Characteristic 


10 Vdc, f = 1.0 kHz) 
5.0 Vdc, 


Rs = 1.0 kohm, f = 10 Hz to 15.7 kHz) 
(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


(I¢ = 1.0 mAde, VcE 
(I¢ = 250 wAdc, VcE 


_ ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) — 


Small-Signal Current Gain. 


2N5400, 2N5401 
Noise Figure 
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FIGURE 2 — COLLECTOR SATURATION REGION 
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2N5400, 2N5401 


FIGURE 4 — “ON” VOLTAGES 
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FIGURE 6 — SWITCHING TIME TEST CIRCUIT 
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’ FIGURE 8 — TURN-ON TIME 
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FIGURE 5 — TEMPERATURE COEFFICIENTS 
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FIGURE 7 —~ CAPACITANCES 
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FIGURE 9 — TURN-OFF TIME 
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MAXIMUM RATINGS 


Collector-Emitter Voltage 


-2N5550 
2N5551 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Collector Current Continuous | ic — |= 600 S| mA 
Total Device Dissipation @ TA = 25°C 625 | ~ mW 
Derate above 25°C : 5.0 mWw/°C 
Total Device Dissipation @ Tc = 25°C 1.5 Watt . 
Derate above 25°C 12 mw/°C 
Operating and Storage Junction Ty, Tstg —55 to + 150 oe 
Temperature Range “ 


THERMAL CHARACTERISTICS 


Symbol | Max 
Thermal Resistance, Junction to Case R@JCc 
Thermal Resistance, Junction to Ambient RgjA(1) 


(1) RajA is measured with the device soldered into a typical printed circuit board. 


AMPLIFIER TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


ee 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO 
(Ic = 1.0 mAdc, Ip = 0) 2N5550 140 
2N5551 160 

Collector-Base Breakdown Voltage V(BR)CBO 
.(I¢ = 100 pAde, Ie = 0) 2N5550 160 
. 2N5551 180 

Emitter-Base Breakdown Voltage V(BR)EBO 

(IE = 10 pAdce, Ic = 0) 


Collector Cutoff Current 
(VcB = 100 Vdc, IE = 2N5550 
(Veg = 120 Vdc, Ie 2N5551 
(VcB = 100 Vdc, IE = 0, Ta = 100°C) 2N5550 
(VcB = 120 Vdc, IE = 0, Ta = 100°C) 2N5551 


Emitter Cutoff Current 

(Veg = 4.0 Vdc, Ic = 0) 
ON CHARACTERISTICS(2) 
DC Current Gain 


(Ic = 1.0 mAde, Vcg = 5.0 Vdc) 2N5550 
2N5551 


(I¢ = 10 mAdc, VcgE = 5.0 Vdc) 2N5550 
2N5551 


(i¢ = 50 mAdc, Veg = 5.0 Vdc) | 2N5550 
2N5551 


Collector-Emitter Saturation Voltage | VCE(sat) 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) Both Types 


(Ic = 50 mAdc, Ip = 5.0 mAdc) . 2N5550 
. 2N5551 


Base-Emitter Saturation Voltage VBE(sat) 
(Ic = 10 mAdc, Ip = 1.0 mAdc) Both Types 7 


(Ie = 50 mAde, Ip = 5.0 mAdc) 2N5550 
: : ; 2N5551 
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2N5550, 2N5551 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


pC haracteristic | Symbot | Min | Max | Unit 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 

(i¢ = 10 mAdc, Vcg = 10 Vdc, f = 100 MHz) 
Output Capacitance 

(Veg = 10 Vdc, ig = 0, f = 1.0 MHz) 


Input Capacitance 
(VBE = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 2N5550 


2N5551 


Small-Signal Current Gain 
(I¢ = 1.0 mAdc, VcgE = 10 Vde, f = 1.0 kHz) 


Noise Figure 
(I¢ = 250 wAdc, Vcg = 5.0 Vdc, Rs = 1.0 kohm, 2N5550 
f = 10 Hz to 15.7 kHz) 2N5551 


(2) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


FIGURE 1 — DC CURRENT GAIN 
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FIGURE 2 — COLLECTOR SATURATION REGION 
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FIGURE 4 — “ON” VOLTAGES 
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FIGURE 8 — TURN-ON TIME 


FIGURE 9 — TURN-OFF TIME 
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2N5771 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 8.0 mWw/°C 


Operating and Storage Junction TJ. Tstg | —55 to +150 °C 
Temperature Range 
un 


Lead Temperature a a 


SWITCHING TRANSISTOR 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit _ | 


Collector-Emitter Breakdown Voltage (I¢ = 3.0 mA)(1) | Vipriceo | 15 | CU CC 
Collector-Emitter Breakdown Voltage (Ic = 100 uA) | Werices | 15 | — | Vdc | 
Collector-Base Breakdown Voltage (Ic = 100 pA) | Vipricpo | 15 =| CUS] 
| Emitter-Base Breakdown Voltage (le = 100uA) | pepo | 45 | | Vd 
| Collector Cutoff Current (Vep=8.0Vde) | cp | 


Collector Cutoff Current (VcE = 8.0 Vdc) ICES nA 
(VCE = 8.0 Vde, Ta = 125°C) pA 


Emitter Cutoff Current _(Vge = 4.5 Vde) | eso | | 0 | 


ON CHARACTERISTICS 


DC Current Gain (Ic = 1.0 mA, VcgE = 0.5 Vdc)(1) hFE 
(Ic = 10 mA, Vcg = 0.3 Vde)(1) 
(ic = 50 mA, VcE = 1.0 Vde)(1) 
(I¢ = 10 mA, VcE = 0.3 Vde, Ta = —55°C) 


40 
‘ 20 
Collector-Emitter Saturation Voltage(1) (Ic = 1.0 mA, lp = 0.1 mA) VCE(sat) 

(I¢ = 10 mA, Ip = 1.0 mA) 
(Ic = 50 mA, Ip = 5.0 mA) 

Base-Emitter Saturation Voltage(1) (Ic = 1.0 mA, Ig = 0.1 mA) VBE(sat) = 

(I¢ = 10 mA, Ig = 1.0 mA) 0.75 

(ic = 50 mA, Ip = 5.0 mA) aes 


SMALL-SIGNAL CHARACTERISTICS 


Collector-Base Capacitance 
(Vcp = 5.0 Vde, f = 140 kHz) 


Emitter-Base Capacitance 
_ (VBE = 0.5 Vde, f = 140 kHz) 


Small-Signal Current Gain 
(i¢ = 10 mA, VcE = 10 Vde, f = 100 MHz) 


SWITCHING CHARACTERISTICS 


Storage Time 
(I¢ = 10 mA, |B1 = IB2 ~ 10 mA) 


OFF CHARACTERISTICS 


Turn-On Time 


(I¢ = 10 mA, Ig = 1.0 mA) 


Turn-Off Time 
(I¢ = 10 mA, Ig1 = Ip2 = 1.0 mA) 


(1) Pulse Conditions: Pulse Length = 300 us, Duty Cycle = 1.0%. 
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2N6426 
2N6427 


MAXIMUM RATINGS 


[Rating ———SS*d;'CSyrnbot [value [une 
[GoleciorEmitter Vottage ———S*dtCVceo | ao] vo 
[colectorBese Vottays ————~«dt— ego. | 40 «dvd 
Collector Curent —Continuows | ie | 800 _|_made | 


Total Device Dissipation @ Ta = 25°C 625 mW 
Derate above 25°C 5.0 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction TJ, Tstg | —55 to +150 °C 
Temperature Range 


THERMAL CHARACTERISTICS 


Symbol | Max | Unit 
Thermal Resistance, Junction to Case Rec 
Thermal Resistance, Junction to Ambient Rajat) | 200 | cw 


(1) RgajA is measured with the device soldered into a typical printed circuit board. 


DARLINGTON TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


po haracteristic | Symbol | Min [typ | Max | unit _| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO Vdc 
(I¢ = 10 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 40 Vde 
(Ic = 100 wAde, Ie = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 10 pAdc, Ic = 0) 

Collector Cutoff Current ICEO pAdc 
(VcE = 25 Vdc, Ip = 0) 


Emitter Cutoff Current 
(Vee = 10 Vde, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain(2) 
(l¢ = 10 mAdc, VcE = 5.0 Vdc) 2N6426 200,000 
2N6427 10,000 100,000 


(ic = 100 mAdc, Veg = 5.0 Vdc) 2N6426 30,000 300,000 
| 2N6427 20,000 200,000 


(I¢ = 500 mAdc, Veg = 5.0 Vdc) 2N6426 | 20,000 200,000 
2N6427 14,000 140,000 


Collector-Emitter Saturation Voltage VCE(sat) 
(I¢ = 50 mAdc, Ig = 0.5 mAdc) 
(Ic = 500 mAdc, Ip = 0.5 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 
(I¢ = 500 mAdc, Ip = 0.5 mAdc) 


Base-Emitter On Voltage 


(Ic = 50 mAdc, VcgE = 5.0 Vdc) | 
SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 2 Cobo 
(Vcp = 10 Vdc, IE = 0, f = 1.0 MHz) | 


Input Capacitance Cibo _ 
(VBE = 1.0 Vde, Ic = 0, f = 1.0 MHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N6426, 2N6427 
ELECTRICAL GuansceNerICes (Continued) (Ta = 25°C unless ginenwise noted) 
| Input Impedance 


(ic = 10 mAdc, VcE = 5.0 Vde, f = 1.0 kHz) 2N6426 
| 2N6427 


Small-Signal Current Gain 
(Ic = 10 mAdc, Vcge = 5.0 Vdc, f = 1.0-kHz) 2N6426 
2N6427 


Current Gain — High Frequency 
(I¢ = 10 mAdc, Vce = 5.0 Vde, f = 100 MHz) 2N6426 
| 2N6427 


Output Admittance . 
(I¢ = 10 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 
Noise Figure | 
(I¢ = 1.0 mAdc, VcgE = 5.0 Vde, Rg = 100 kO, 
f = 10 kHz to 15.7 kHz) 


(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 


FIGURE 1 — TRANSISTOR NOISE MODEL 


Ideal 


Transistor 


NOISE CHARACTERISTICS 
(VcE = 5.0 Vde, Ta = 25°C) 


FIGURE 2 — NOISE VOLTAGE FIGURE 3 — NOISE CURRENT 
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2N6426, 2N6427 


VT, TOTAL WIDEBAND NOISE VOLTAGE (nV) 


FIGURE 4 — TOTAL WIDEBAND NOISE VOLTAGE 
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FIGURE 5 — WIDEBAND NOISE FIGURE 
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SMALL-SIGNAL CHARACTERISTICS 


FIGURE 6 — CAPACITANCE 
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FIGURE 7 — HIGH FREQUENCY CURRENT GAIN 
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FIGURE 8 — DC CURRENT GAIN 


FIGURE 9 — COLLECTOR SATURATION REGION 
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2N6426, 2N6427 


FIGURE 10 — “ON” VOLTAGES 
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FIGURE 11 — TEMPERATURE COEFFICIENTS 
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FIGURE 12 — THERMAL RESPONSE 
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MAXIMUM RATINGS 
Rating 


2N6428,A 
2N6429.A 


Collector-Emitter Voltage : 
2N6428,A 
2N6429,A 


Collector-Base Voltage 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


2N6428,A 
2N6429,A 


Emitter-Base Voltage 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C < 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


AMPLIFIER TRANSISTOR 


NPN SILICON 


Rec 


Thermal Resistance, Junction to Ambient. RaJA 


Refer to 2N6428 for graphs. 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Symbol_| Min [Mex | Unit _| 
Collector-Base Breakdown Voltage 


V(BR)CEO Vde 
50 
45 
(Ic = 0.1 mAdc, IE = 0) 2N6428,A 


V(BR)CBO Vdc 

2N6429,A 

Collector Cutoff Current ICEO pA 
(VcE = 30 Vdc) 

Collector Cutoff Current ICBO pA 
(VcB = 30 Vdc, IE = 0) 

Emitter Cutoff Current 0.01 pA 
(VEB = 5.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 
DC Current Gain 


(Vcg = 5.0 Vdc, Ic = 0.01 mAdc) 2N6428,A 
2N6429,A 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I¢ = 1.0 mAdc, Ip = 0) 2N6428,A 
2N6429,A 


(VcE = 5.0 Vde, Ic = 0.1 mAdc) 2N6428,A 
2N6429,A 


(Vce = 5.0 Vdc, I¢ = 1.0 mAdc) 2N6428,A 
2N6429,A 


(Vce = 5.0 Vde, Ic = 10 mAdc) 2N6428,A 
2N6429,A 


Collector-Emitter Saturation Voltage VCE(sat) 
(I¢ = 10 mAdc, Ip = 0.5 mAdc) 
(I¢ = 100 mAdc, Ig = 5.0 mAdc) 


Base-Emitter On Voltage VBE(on) 
(I¢ = 1.0 mAdc, Vcge = 5.0 Vdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(l¢ = 1.0 mAdc, Veg = 5.0 V, f = 100 MHz) 


Output Capacitance 
(VcB = 10 Vde, IE = 0, f = 1.0 MHz) 


Input Capacitance 
(Veg = 0.5 Vde, Ic = 0, f = 1.0 MHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


2N6428,A, 2N6429, A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted. ). 


Characteristic 
Input Impedance | 


(ic = 1.0 mAdc, Vee = 5.0 Vdc, f = 1.0 kHz) 2N6428,A 
| 2N6429,A 


Voltage Feedback Ratio 
(I¢ = 1.0 mAdc, Vcg = 5.0 Vde, f = 1.0 kHz) 2N6428,A 
2N6429,A 


Small-Signal Current Gain 
(I¢ = 1.0 mAdc, Vcg = 5.0 Vde, f = 1.0 kHz) 2N6428,A 
2N6429,A 


Output Admittance 
(I¢ = 1.0 mAdc, Voge = 5.0 Vde, f = 1.0 kHz) 2N6428,A 
2N6429,A 


2N6428 
2N6428A 
2N6429 
2N6429A 


(1)Rg = 10 kX, BW = 1.0 Hz, f = 100 Hz 
(2) Rg = 50 kX, BW = 15.7 kHz, f = 10 Hz-10 kHz 
(3) Rg = 500 0, BW = 1.0 Hz, f = 10 Hz 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES. 
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MAXIMUM RATINGS 


2N6515 | 2N6516 | 2N6517 
2N6518 | 2N6519 | 2N5520 


Emitter-Base Voltage 
2N6515, 2N6516, 2N6517 
2N6518, 2N6519, 2N6520 


Total Device Dissipation 
@ Ta = 25°C 
Derate above 25°C 


Lead Temperature TL 
= 1/16” from case for 10 seconds 


THERMAL CHARACTERISTICS 


Characteristic | Symbol | Max | 
Thermal Resistance, Junction to Case R@JC | 83.3 


Thermal Resistance, Junction to Ambient RJA 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic — 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(i¢ = 1.0 mAdc, ig = 0) 2N6515, 2N6518 
2N6516, 2N6519 


2N6517, 2N6520 


Collector-Base Breakdown Voltage 
(Ic = 100 pAdc, Ig = 0) 2N6515, 2N6518 
2N6516, 2N6519 


2N6517, 2N6520 


Emitter-Base Breakdown Voltage 
(IE = 10 pAdc, Ic = 0) 2N6515, 2N6516, 2N6517 


2N6518, 2N6519, 2N6520 
Collector Cutoff Current 


fy 


2 


(Vcp = 150 Vdc, IE = 0) 
(VcB = 200 Vdc, Ie = 0) 
(VcB = 250 Vdc, IE = 0) 


Emitter Cutoff Current 
(Veg = 5.0 Vde, Ic = 0) 
(Veg = 4.0 Vdc, Ic = 0) 


ON CHARACTERISTICS(1) 


DC Current Gain 
(I¢ = 1.0 mAdc, Vcg = 10 Vdc) 


(I¢ = 10 mAdc, Vcg = 10 Vdc) 


(ic = 30 mAdc, Vcg = 10 Vde) 


(lc = 50 mAdc, VcE = 10 Vdc) 


(I¢ = 100 mAdc, VcE = 10 Vdc) 


SMALL-SIGNAL DEVICES 


2N6515, 2N6518 
2N6516, 2N6519 
2N6517, 2N6520 


2N6515, 2N6516, 2N6517 
2N6518, 2N6519, 2N6520 


2N6515, 2N6518 
2N6516, 2N6519 
2N6517, 2N6520 


2N6515, 2N6518 
2N6516, 2N6519 
2N6517, 2N6520 


2N6515, 2N6518 
2N6516, 2N6519 
2N6517, 2N6520 


2N6515, 2N6518 
2N6516, 2N6519 
2N6517, 2N6520 


2N6515, 2N6518 
2N6516, 2N6519 
2N6517, 2N6520 
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NPN 
2N6515 
thru 2N6517 
PNP 
2N6518 
thru 2N6520 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


HIGH VOLTAGE 
TRANSISTOR 


V(BR)CEO 


V(BR)CBO 
V(BR)EBO 


ICBO 


MOTOROLA SEMICONDUCTORS 


NPN 2N6515 thru 2N6517, PNP 2N6518 thru 2N6520_ 


ELECTRICAL CHARACTERISTICS (continued) (Ta = - 25°C unless otherwise noted. ‘s 


Characteristic 


Collector-Emitter Saturation Voltage 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 
(Ic = 20 mAdc, Ip = 2.0 mAdc) 
(I¢ = 30 mAdc, Ip = 3.0 mAdc) 
(Ic = 50 mAdc, ig = 5.0 mAdc) 


Base-Emitter Saturation Voltage 
(i¢ = 10.mAdc, Ip = 1.0 mAdc) 
(I¢ = 20 mAdc, Ip = 2.0 mAdc) 
(ic = 30 mAde, Ig = 3.0 mAdc) 


Base-Emitter On Voltage 
(I¢ = 100 mAdc, VcE = 10 Vdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(1) 
(Ii¢ = 10 mAdc, Vcg = 20 Vdc, f = 20 MHz) 


Collector-Base Capacitance 
(VcB = 20 Vdc, le = 0, f = 1.0 MHz) 


Emitter-Base Capacitance 
(VERB = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 2N6515 thru 2N6517 
2N6518 thru 2N6520 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Vcc = 100 Vdc, VBE(off) = 2.0 Vde, I¢ = 50 mAdc, Ipz = 10 mAdc) 


Turn-Off Time 
(Vcc = 100 Vdc, Ic = 50 mAdc, Ip1 = !IB2 = 10 mAdc) 


(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle <= 2.0%. 
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NPN 2N6515 thru 2N6517, PNP 2N6518 thru 2N6520 


FIGURE 2 — DC CURRENT GAIN 
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FIGURE 5 — TEMPERATURE COEFFICIENTS 
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FIGURE 8 — TURN-OFF TIME 
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SMALL-SIGNAL DEVICES 


NPN 2N6515 thru 2N6517, PNP 2N6518 thru 2N6520 


FIGURE 11 — ACTIVE REGION SAFE pebdicchions AREA . DESIGN NOTE: USE OF TRANSIENT THERMAL RESISTANCE DATA 
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MPS404 
MPS404A 


MAXIMUM RATINGS 


|Rating =| Symbol! [MpS4o4| Mps4o4a| Unit 
35 | Ve | 
|Collector-Base Voltage | Vcpo | 25 | 40 | Vdc | 
|Emitter-Base Voltage | Vepo | 12 | 25 | Vado | 
Collector Current — Continuous re a eee 


Vdc 
Vdc — 
Vdc 
Total Device Dissipation @ Ta = 25°C mW 
Derate above 25°C mWw/PC 
Total Device Dissipation @ Tc = 25°C 1.5 Watts 
Derate above 25°C 12 mw/°C 
Operating and Storage Junction Ty, Tstg —55 to + 150 °C 
Temperature Range 
THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case 83.3 
Thermal Resistance, Junction to Ambient RgJA(t) 200 °C/W 


(1) RejA is measured with the device soldered into a typical printed circuit board. 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


CHOPPER TRANSISTOR 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


a 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
(Ic = 10 mAdc, Ig = 0) MPS404 
MPS404A 


V(BR)CEO 


— Pe [-|-|*. 


V(BR)EBO 


Collector-Base Breakdown Voltage 
(Ic = 10 wAde, Ie = 0) . MPS404 
MPS404A 


Emitter-Base Breakdown Voltage 
(IE = 10 wAdc, Ic = 0) - MPS404 
MPS404A - 25 


Collector Cutoff Current : ICBO 100 nAdc 
(VcB = 10 Vdc, IE = 0) 

Emitter Cutoff Current nAdc 
(VBE = 10 Vdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain hFE 
(Ic = 12 mAdc, Vcge = 0.15 Vdc) 

Collector-Emitter Saturation Voltage VCE(sat) Vdc 

(I¢ = 12 mAdc, Ip = 0.4 mAdc) 0.15 

(Ic = 24 mAdc, IR = 1.0 mAdc) 0.20 
Base-Emitter Saturation Voltage VBE(sat) Vdc 

(I¢ = 12 mAdc, Ip = 0.4 mAdc) 0.7 0.85 

(Ic = 24 mAdc, lg = 1.0 mAdc) 0.74 1.0 
SMALL-SIGNAL CHARACTERISTICS 
Common-Base Cutoff Frequency fob 
(Ic = 1.0 mAdc, Vcg = 6.0 Vdc) 


Output Capacitance Cobo 20 pF 
(Vcp = 6.0 Vde, IE = 0, f = 1.0 MHz) 


(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MPS404, MPS404A 


FIGURE 2 — BASE “ON” VOLTAGE 


FIGURE 1 — COLLECTOR-EMITTER VOLTAGE 
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MPS404, MPS404A 


FIGURE 7 — COLLECTOR SATURATION REGION 
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MPS404, MPS404A 


FIGURE 13 —SWITCHING TIME TEST CIRCUIT 
VBB. ~  Vee-10V 
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Voltages and resistor values shown 
are for Ic¢ = 10 mA, Ic/Ig = 10 
and Ig1=1!g2. Resistor values 
changed to obtain curves in 
Figures 11 and 12. 
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FIGURE 14 — STORED BASE CHARGE TEST CIRCUIT 
RC (560 2) a 


Vcc 
(-6.0V) 


OUTPUT 


oRoprd 


Vin Rp* ae 
) © (5.6k2Q) : 


— Voltage Waveforms 


INPUT 


= 0 
MEASUREMENT PROCEDURE Bin |> 5.015 tt<15ns 
C1 is increased until the toff time of 6.0 V 


the output waveform is decreased to 

0.2 us, Os is then calculated by - 

Os = Cy Vin. 

Qs3 or Og7 by B-Line Electronics 6.0 V 
or equivalent may also be used. 


SMALL-SIGNAL DEVICES 


MPS650 
MAXIMUM RATINGS MPS651 » 
- nro NPN SILICON 
-MPS750 
MPS751 
PNP SILICON 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 
THERMAL CHARACTERISTICS 


Characteristic | Symbol | Max | Unit 
Thermal Resistance, Junction to Case 
Thermal Resistance, Junction to Ambient R@JA 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | unit _| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(I¢ = 10 mAdc, ig = 0) MPS650, MPS750 
MPS651, MPS751 


V(BR)CEO Vde 
40 
60 


V(BR)CBO Vde 
60 
80 . 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 10 wAdc, Ic = 0) . 
Collector Cutoff Current ICBO pAdc 
(VcB = 60 Vdc, Ig = 0) MPS650, MPS750 
(VcB = 80 Vdc, IE = 0) MPS651, MPS751 
Emitter Cutoff Current pAdc 
(Veg = 4.0 V, Ic = 0) 
ON CHARACTERISTICS(1) 
DC Current Gain hee 
(Ic = 50 mA, VcE = 2.0 V) 75 
(I¢ = 500 mA, VcgE = 2.0 V) is 
(Ic = 1.0 A, VCE = 2.0 V) 
(Ic = 2.0 A, VcE = 2.0 V) 
VCE(sat) 
(I¢ = 2.0 A, |B = 200 mA) 
(I¢ = 1.0 A, Ig = 100 mA) 
Base-Emitter Saturation Voltage VBE(sat) 2 
(ic = 1.0A, lg = 100 mA) 
Base-Emitter On Voltage VBE(on) ain Vde 
(ic = 1.0 A, VcE = 2.0 V) : 
SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product(2) 


Collector-Base Breakdown Voltage 
(Ic = 100 pAdc, IE = 0) MPS650, MPS750 
MPS651, MPS751 


Collector-Emitter Saturation Voltage 


(Ic = 50 mAdc, VcgE = 5.0 Vdc, f = 100 MHz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
(2) ft is defined as the frequency at which |h¢g| extrapolates to unity. 
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MPS706,A 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Emitter-Base Voltage 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction Ty, Tstg | —55 to +150 °C 
Temperature Range 


SWITCHING TRANSISTOR THERMAL CHARACTERISTICS 


Characteristic | Symbol | Max | 
Thermal Resistance, Junction to Case 
Thermal Resistance, Junction to Ambient ReJA(1) | 200 || ecw OC” 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta, = 25°C unless otherwise noted.) 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO 15 
(i¢ = 10 mAdc, Ip = 0) 

Collector-Emitter Breakdown Voltage(2) V(BR)CER Vde 
(Ic = 10 mAdc, Rpg = 10 Ohms) 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(I¢ = 100 pAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(le = 10 pAdc, ic = 0) 

Collector Cutoff Current ICBO pAdc 
(VcB = 15 Vde, IE = 0) MPS706/MPS706A 
(Vcp = 25 Vdc, IE = 0) MPS706A 

Collector Cutoff Current MPS706A ICER pAdc 
(VcE = 20 Vde, Rpg = 100 kHz) 

“Wag «20 vie @)-[-[ 2)" 

DC Current Gain(2) 

(l¢ = 10 mAdc, Voge = 1.0 Vdc) MPS706 
(I¢ = 10 mAdc, lp = 1.0 mAdc) MPS706 
MPS706A 


OFF CHARACTERISTICS 


Vdc 


(VBE = 3.0 Vde, Ic = 0) MPS706 
(VBE = 5.0 Vdc, Ic = 0) MPS706A 
ON CHARACTERISTICS 
hFE 
20 
MPS706A 20 
Coliector-Emitter Saturation Voltage(2) VCE(sat) Vdc 
(Ic = 10 mAde, Ig = 1.0 mAdc) 
Base-Emitter Saturation Voltage(2) VBE(sat) Vde 
—_ 0.8 0.9 
0.7 0.8 0.9 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 10 mAdc, Vcg = 15 Vdc, f = 100 MHz) 


Output Capacitance . 
(Vcp = 10 Vde, IE = 0, f = 100 kHz) MPS706 


Input Capacitance 


(VBE = 1.0 Vdc, Ic = 0, f = 100 kHz) 


Extrinsic Base Resistance 
(VcE = 15 Vde, le = 10 mAdc, f = 300 MHz) 
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MPS706,A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


[Characteristic Symbt | Min | tye | Mee | unit 


SWITCHING CHARACTERISTICS 


Storage Time (Figure 1) 
(Vcc = 10 Vde, Ic = 10 mAdc, MPS706A 
Ip1 = IB2 = 10 mAdc) MPS706 


Turn-On Time (Figure 1) 
(Vcc = 3.0 Vdc, VBE(off) = 2-0 Vde, Ic = 10 mAdc, Igy = 3.0 mAdc) 
Turn-Off Time (Figure 2) 
(Vcc = 3.0 Vde, Ic = 10 mAdc, Ip1 = Ip2 = 3.0 mAdc) 
(1) RejA is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width < 12 ns, Duty Cycle < 2.0%. 


FIGURE 1 — SWITCHING TIME TEST CIRCUIT 3 FIGURE 2 — STORAGE TIME TEST CIRCUIT 
Vcc = 3.0 Vde Vec = 10.3 Vde 
(Adjust for 10 mA) (Adjust for 10 mA) 


+5.0 V 


ov —|——-|- 
-3.1V 
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MPS708 


_ CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Total Device Dissipation @ Ta = 25°C 
‘Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


SWITCHING TRANSISTOR 


NPN SILICON 


THERMAL CHARACTERISTICS 


Characteristic | Symbol | Max | 
Thermal Resistance, Junction to Case R@Jc | 83.3 °C/W 
Thermal Resistance, Junction to Ambient ReJA(1) | 200 S| ecw CO 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot_| min | typ | Max_[ Unit 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO Vdc 
(Ic = 30 mAdc, Ip = 0) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CER Vdc 
(Ic = 30 mAdc, Ree = 10 Ohms) 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(I¢ = 1.0 wAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(Ie = 10 wAde, Ic = 0) 

Collector Cutoff Current ICBO nAdc 
(VcB = 20 Vdc, Ie = 0) 

Emitter Cutoff Current nAdc 
(VBE = 4.0 Vde, Ic = 0) 

ON CHARACTERISTICS(2) 

DC Current Gain hFE 
(Ic = 0.5 mAdc, Vcge = 1.0 Vdc) 35 
(I¢ = 10 mAdc, VcE = 1.0 Vdc) 50 

Collector-Emitter Saturation Voltage VCE(sat) Vde 
(Ic = 10 mAdc, Ig = 1.0 mAdc) 

Base-Emitter Saturation Voltage ; VBE(sat) 0.68 0.7 0.78 Vdc 
(Ic = 10 mAdc, Ip = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain — Bandwidth Product 
(I¢ = 10 mAdc, Vcg = 10 Vde, f = 100 MHz) 

Output Capacitance 
(VcB = 10 Vde, Ig = 0, f = 140 kHz) 

SWITCHING CHARACTERISTICS 

Storage Time (Figure 1) 


(Vcc = 3.0 Vde, Ic = 10 mAdc, Ip, = Ip2 = 10 mAdc) 


(1) Rg@jA is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 


MPS7/50, MPS751 For Sepcifications, See MPS650, MPS651 
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MPS708 


FIGURE 1 — SWITCHING TIME TEST CIRCUIT 


Vin 
(tp <1.0 ns) 
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MPS834_— 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Emitter-Base Voltage 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


SWITCHING TRANSISTOR THERMAL CHARACTERISTICS 


| Characteristic | Symbol 
Thermal Resistance, Junction to Case RgJc 
Thermal Resistance, Junction to Ambient | Rgja(1) 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | tye | Max | Unit 
OFF CHARACTERISTICS 


Collector-Base Breakdown Voltage V(BR)CBO Vde 
(I¢ = 10 pAdce, Ie = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(le = 10 wAdc, Ic = 0) 


Collector Cutoff Current — 
(Vcp = 20 Vde, Ip = 0) 


Collector Cutoff Current 
(VcE = 30 Vdc, Vee = 0) 


ON CHARACTERISTICS 


DC Current Gain(2) hee 
(i¢ = 10 mAdc, Vcg = 1.0 Vdc) 


Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(I¢ = 10 mAdc, Ig = 1.0 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 0.7 Vdc 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) . 


(I¢ = 50 mAdc, Ig = 5.0 mAdc)(2) 
SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product(2) 


(ic = 10 mAde, VcE = 20 Vde, f = 100 MHz) 


Output Capacitance 
(VcB = 10 Vde, Ie = 0, f = 100 kHz) © 


Input Capacitance 
(VER = 10 Vdc, Ic = 0, f = 100 kHz) 


SWITCHING CHARACTERISTICS 


Storage Time (Figure 1) 
(Vcc = 10 Vdc, I¢ = 10 mAdc, Ip1 = ipa = 10 mAdc) 


Turn-On Time (Figure 1) 


(Vcc = 3.0 Vde, VBE(off) = 4.0 Vdc, ic = 10 mAdc, Igy = 3.0 mAdc) 


Turn-Off Time (Figure 2) 
(Vcc = 3.0 Vde, Ic = 10 mAdc, Igy = 3.0 mAdc) 


(1) Reja is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 
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MPS834 


FIGURE 1 — SWITCHING TIME TEST CIRCUIT FIGURE 2 — STORAGE TIME TEST CIRCUIT 


Turn-On 
Veep = -4.0 V 


oO —_ oe = cl 


Vin 


Turn-Off 
Vee =+16V 
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MAXIMUM RATINGS 
[Rating : 
Collector-Emitter Voltage . VCEO 


CASE 29-02, STYLE 1 
T0-92 (TO-226AA) 


Collector-Base Voltage VCBO 
Emitter-Base Voltage “1 Vepo | 30 | Vde 
Collector Current — Continuous rie | 200" 


Total Device Dissipation @ Ta = 25°C — 625 mW 
Derate above 25°C * 6.0 mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


' 
. 


Operating and Storage Junction 
Temperature Range 


SWITCHING TRANSISTOR 


EKSRICON THERMAL CHARACTERISTICS 


Characteristic 
Thermal Resistance, Junction to Case Re@JC | 3.3] ecw CF 
Thermal Resistance, Junction to Ambient | RgJa(1) °C/W 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


| Characteristic | Symbot_ | min | Typ | Max | unit __ 


OFF CHARACTERISTICS 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(I¢ = 10 wAdc, Ip = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(l— = 10 wAdc, Ic = 0) 

Collector Cutoff Current ICBO pAdc 
(VcB = 20 Vde, IE = 0) 

Collector Cutoff Current ICES 10 pAdc 
(VcE = 20 Vdc, Vee = 0) ne 

ON CHARACTERISTICS 


DC Current Gain hee 35 
-(i¢ = 10 mAdc, Vcg = 1.0 Vdc) 
Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) 0.78 Vdc 
(I¢ = 10 mAdc, Ig = 1.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(I¢ = 10 mAdc, VcgE = 20 Vde, f = 100 MHz) 


Output Capacitance 
(Veg = 10 Vdc, Ie = 0, f = 100 kHz) 


SWITCHING CHARACTERISTICS 


Storage Time (Figure 1) 
(Vcc = 10 V, I¢ = 10 mAdc, Ip1 = Ip2 = 10 mAdc) 


Turn-On Time (Figure 2) 


(Vcc = 3.0 V, VBE(off) = 2.0 V, Ic = 10 mAdc, 
Ip1 = 3.0 mAdc, Igp2 = 1.0 mAdc) 


Turn-Off Time (Figure 2) 
(Vcc = 3.0 V, Ic = 10 mAdc, Igy = 3.0 mA, ipg = 1.0 mAdc) 


(1) Raja is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%, 
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MPS835 


FIGURE 1 — TURN-ON AND TURN-OFF TIME 


TEST CIRCUIT FIGURE 2 — STORAGE TIME TEST CIRCUIT 


+3.0 Vde 


. +10 Vde 


Vin = -19 Vde 


ton: VBB = -4.0 Vde toff: VBB = +16 Vdc 


OV mo ¥ OV 
Vin = +21 Vde | 
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MPS918 


MPS3563 MAXIMUM RATINGS 


[ating ———*|‘Srmbot [rsore rsasea] Unit 
[colecorémiterVotage ~~ Veo | 18 | 12 | Vdc 
[ColectorBase Voltage +t ogo | 30 | 30 | vac 


Emitter-Base Voltage “E59 eso} 30] 20, ee 
Collector Current — Continuous | mAdc | 


Total Device Dissipation @ Ta = 25°C je] mW 
Derate above 25°C 5.0 mW/°C 
Total Device Dissipation @ Tc = 25°C 1.5 Watt 
Derate above 25°C 12 mW/°C 
Operating and Storage Junction Ty, Tstg —55 to +150 °C 
Temperature Range 
AMPLIFIER TRANSISTOR THERMAL CHARACTERISTICS 


Symbol_| Max | Unit _| 
Thermal Resistance, Junction to Case R@Jc 
Thermal Resistance, Junction to Ambient R@JA(1) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | Max] Unit _ | 
OFF CHARACTERISTICS. 


Collector-Emitter Breakdown Voltage(2) _ | V(BR)CEO 
(Ic = 3.0 mAdc, Ip = 0) . MPS918 
MPS3563 
Collector-Base Breakdown Voltage V(BR)CBO 
(i¢ = 1.0 wAdc, ig = 0) MPS918 
(ic = 100 wAdsc, IE = 0) MPS3563 
Emitter-Base Breakdown Voitage V(BR)EBO 
(IE = 10 pAdc, Ic = 0) MPS918 
MPS3563 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


NPN SILICON 


Collector Cutoff Current 
(VcB = 15 Vdc, Ie = 0) MPS918 
MPS3563 


ON CHARACTERISTICS 


DC Current Gain(2) 
(I¢ = 3.0 mAdc, VcE = 1.0 Vdc) MPS918 
(I¢ = 8.0 mAdc, Vcg = 10 Vdc) 


Collector-Emitter Saturation Voltage | VCE(sat) 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) MPS918 

Base-Emitter Saturation Voltage VBE(sat) 0 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) MPS918 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 

(I¢ = 4.0 mAdc, Vcg = 10 Vdc, f = 100 MHz) MPS918 

(I¢ = 8.0 mAdc, Vcg = 10 Vdc, f = 100 MHz) MPS3563 
Output Capacitance 

(VcB = 0 Vde, Ie = 0, f = 140 kHz) MPS918 

(VcB = 10 Vdc, Ie = 0, f = 140 kHz) MPS918 

(Vcp = 10 Vdc, ie = 0, f = 1.0 MHz) MPS3563 
Input Capacitance | 

(VeB = 0.5 Vdc, Ic = 0, f = 140 kHz) MPS918 
Small-Signal Current Gain . 

(Ic = 8.0 mAdc, VcE = 10 Vde, f = 1.0 kHz) MPS3563 


Noise Figure 
(Ic = 1.0 mAdc, VcE = 6.0 Vdc, Rg = 400 ohms, f = 60 MHz) MPS918 
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MPS918, MPS3563 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot_ | Min | Max | Unit 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain 
(I¢ = 6.0 mAdc, Vcg = 12 Vdc, f = 200 MHz) MPS918 
(I¢ = 8.0 mAdc, VcE = 10 Vdc, f = 200 MHz) MPS3563 
(Gfg + Gre < —20 dB) 


Power Output 
(Ic = 8.0 mAdc, Vcp = 15 Vdc, f = 500 MHz) MPS918 


Oscillator Collector Efficiency 
(Ic = 8.0 mAdc, Vcp = 15 Vde, Poyt = 30 mW, f = 500 MHz) MPS918 


(1) RejA is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 1.0%. 
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Pp iret ee areca 


MPS929.A | ssaximunnrarnes 
MPS930,A 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Vde 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C mw 
Derate above 25°C mWw/°C 

Total Device Dissipation @ Tc = 25°C Watts 
Derate above 25°C mWw/°C 


Operating and Storage Junction -55 to +150 °C 
Temperature Range 
-_ AMPLIFIER TRANSISTOR THERMAL CHARACTERISTICS 


Characteristic 
Thermal Resistance, Junction to Case 


NPN SILICON 


Thermal Resistance, Junction to Ambient R@JA 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Refer to MPS3903 for additional graphs. 


Characteristic | Symbol | Min | Max__| Unit _| 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 45 Vdc 
(I¢ = 10 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Pe | - |) 
(IE = 10 wAdc, Ic = 0) MPS929, MPS930 


(I¢ = 10 pAdc, IE = 0) MPS929, MPS930 
MPS929A, MPS930A 
V(BR)EBO Vde 
MPS929A, MPS930A 
Collector Cutoff Current ICEO nAdc 
(VcE = 5.0 Vdc, Ip = 0) 


Collector Cutoff Current ICBO 
(Vcp = 45 Vdc, Ie = 0) MPS929, MPS930 
MPS929A, MPS930A 


OFF CHARACTERISTICS 


Emitter-Base Breakdown Voltage 


Collector Cutoff Current 
(VceE = 45 Vdc, Vee = 0) MPS929, MPS930 
MPS929A, MPS930A 


(Vce = 45 Vdc, Vee = 0, Ta = 125°C) MPS929, MPS930 
MPS929A, MPS930A 


Emitter Cutoff Current 
(Veg = 5.0 Vdc, Ic = 0) MPS929, MPS930 
MPS929A, MPS930A 
ON CHARACTERISTICS 


DC Current Gain(1) 
(Ic = 1.0 wAdc, VcE = 5.0 Vdc) MPS929A 
MPS930A 


(Ic = 10 wAdc, Vcg = 5.0 Vdc) MPS929, MPS929A 
MPS930, MPS930A 


10 wAdc, Vcg = 5.0 Vdc, Ta = —55°C) MPsg29 
MPS929A 
MPS930 
MPS930A 


(Ic = 


500 wAdc, Vce = 5.0 Vdc) MPS929, MPS929A 
MPS930, MPS930A 


(Ic 


(ic = 10 mAdc, VcE = 5.0 Vdc) MPS929, MPS929A 
MPS930, MPS930A 
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ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Collector-Emitter Saturation Voltage(1) 
(i¢ = 10 mAdc, Ig = 0.5 mAdc) 


Base-Emitter Saturation Voltage(1) 
(I¢ = 10 mAdc, Ig = 0.5 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 500 wAdc, VcgE = 5.0 Vde, f = 30 MHz) 


Output Capacitance 
(Vcg = 5.0 Vdc, IE = 0, f = 1.0 MHz) 


Voltage Feedback Ratio 
(IE = 1.0 mAdc, Vcp = 5.0 Vde, f = 1.0 kHz) 


Small-Signal Current Gain 
(Ic = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 


Noise ae 
(I¢ = 10 pAdc, VcE = 5.0 Vde, 
Rs = 10 kohms, f = 10 Hz to 15.7 kHz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 


FIGURE 1 — DC CURRENT GAIN 
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SMALL-SIGNAL DEVICES 


Symbol 


VcE=5.0V 
iit TET 
0 10 


MPS929, MPS930 
MPS929A, MPS930A 


“= re 
| oe 


MPS929, MPS930 
MPS929A, MPS930A 


Vde 
MPS929, MPS930 


MPS929A, MPS930A 


MPS929, MPS930 | 
MPS929A, MPS930A 


MPS929, MPS929A 
MPS930, MPS930A 


MPS929, MPS929A 
MPS930, MPS930A 


TYPICAL CHARACTERISTICS 


FIGURE 2 — “ON” VOLTAGES 


VCE(sat) @ Ic/Ig = 10 ri Ce PT TTT 
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MPS929,A, MPS930,A 


FIGURE 3 - COLLECTOR Pent ROtON REGION . : _ «FIGURE 4 — TEMPERATURE COEFFICIENTS 
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MPS2222 
MAXIMUM RATINGS MPS2222A* 


CASE 29-02, STYLE 1. 
TO-92 (TO-226AA) 


Emitter-Base Voltage 


Collector Current — Continuous Ic 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


GENERAL PURPOSE 
THERMAL CHARACTERISTICS TRANSISTOR 


Characteristic Symbol 
Thermal Resistance, Junction to Case 
Thermal Resistance, Junction to Ambient R@JA | 200 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(lc = 10 mAdc, Ip = 0) MPS2222 
MPS2222A 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 10 wAdc, IE = 0) MPS2222 60 
MPS2222A 75 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 10 uwAdc, Ic = 0) MPS2222 
; MPS2222A 
Collector Cutoff Current ICEX 10 nAdc 
(VCE = 60 Vdc, VEB(off) = 3.0 Vdc) MPS2222A 


Collector Cutoff Current 
(VcpB = 50 Vdc, IE = 0) MPS2222 
(VcB = 60 Vdc, IE = 0) MPS2222A 
(VcB = 50 Vdc, IE = 0, Ta = 125°C) MPS2222 
(VcB = 50 Vdc, IE = 0, Ta = 125°C) MPS2222A 


Emitter Cutoff Current 
(VERB = 3.0 Vde, Ic = 0) MPS2222A 


Base Cutoff Current 
(VcE = 60 Vde, VEB(off) = 3.0 Vdc) MPS2222A 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 0.1 mAdc, VcE = 10 Vdc) 
(I¢ = 1.0 mAdc, VcE = 10 Vdc) 
(I¢ = 10 mAdc, VcgE = 10 Vdc) 
(Ic = 10 mAdc, VcE = 10 Vdc, Ta = —55°C) MPS2222A only 
(i¢ = 150 mAdc, VcE = 10 Vdc)(1) 
(Ic = 150 mAdc, Vcg = 1.0 Vdc)(1) 
(Ic = 500 mAdc, Vcz = 10 Vde)(1) MPS2222 
MPS2222A 


NPN SILICON 


Collector-Emitter Saturation Voltage(1) . 
(I¢ = 150 mAdc, IR = 15 mAdc) MPS2222 
MPS2222A 


(i¢ = 500 mAdc, Ig = 50 mAdc) MPS2222 
MPS2222A 


*Also available as a PN2222,A. 
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‘MPS2222, MPS2222A 


ELECTRICAL CHARACTERISTICS cominued) (Ta = 25°C unless otherwise noted.) 


A 


Base-Emitter Saturation Voltage(1) 
(i¢ = 150 mAdc, Ip = 15 mAdc) 


(i¢ = 500 mAdc, Ip = 50 mAdc) 


MPS$2222 
MPS2222A 


MPS$2222 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product(2) 


(I¢ = 20 mAdc, VcE = 20 Vdc, f = 100 MHz) 


Output Capacitance 
(Vcp = 10 Vdc, Ie = 0, f = 1.0 MHz) 


Input Capacitance 
(Veg = 0.5 Vde, Ic = 0, f = 1.0 MHz) 


Input Impedance 


(I¢ = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 


(Ic = 10 mAdc, Voce = 10 Vde, f = 1.0 kHz) 


Voltage Feedback Ratio 


(I¢ = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 


(I¢ = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 
Small-Signal Current Gain 


(I¢ = 1.0 mAdc, Vce = 10 Vde, f = 1.0 kHz) 


(I¢ = 10 mAdc, VcgE = 10 Vdc, f = 1.0 kHz) 
Output Admittance 


(I¢ = 1.0 mAdc, VcgE = 10 Vdc, f = 1.0 kHz) 


(I¢ = 10 mAde, VcE = 10 Vde, f = 1.0 kHz) 


Collector Base Time Constant 
(l—E = 20 mAdc, VcB = 


Noise Figure 


20 Vdc, f = 31.8 MHz) 


(I¢ = 100 wAdc, VcE = 10 Vdc, Rg = 1.0 kO, f = 1.0 kHz) 
SWITCHING CHARACTERISTICS MPS2222A only 
(Vcc = 30 Vdc, VBE(off) = 9.5 Vdc, 


Ic = 150 mAds, Ip 


= 15 mAdc) 


(Vcc = 30 Vde, Ic = 150 mAdc, 


lpi = Ip2 = 


15 mAdc) 


(Figure 2) 


MPS2222A 


MPS2222 
MPS2222A 


MPS2222 
MPS2222A 


MPS2222A 
MPS2222A 


MPS2222A 
MPS2222A 


MPS2222A 
MPS2222A 


MPS2222A 
MPS2222A 


MPS2222A 


MPS2222A 


(Figure 1) 


~ G 


(1) Pulse Test: Pulse Width < 


300 ys, Duty Cycle < 2.0%. 


(2) fy is defined as the frequency at which |hfe| extrapolates to unity. 


SWITCHING TIME EQUIVALENT TEST CIRCUITS 
FIGURE 2 — TURN-OFF TIME 


FIGURE 1 — TURN-ON TIME 


>| | 1.0 to 100 us, DUTY 
CYCLE * 2%. 


| 


1Cg* < 10 pF 


-14V 


Scope Rise Time < 4 ns 
*Total shunt capacitance of test jig, 
connectors, and oscilloscope. 


l-- 1.0 to 100 us, DUTY 
CYCLE © 2% 


-< 20 ns 
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FIGURE 4 — COLLECTOR SATURATION REGION 
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FIGURE 6 — TURN-OFF TIME 
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FIGURE 5 — TURN-ON TIME 
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FIGURE 7 — FREQUENCY EFFECTS 
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FIGURE 9 — CAPACITANCES 
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FIGURE 11 — “ON” VOLTAGES 
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FIGURE 8 — SOURCE RESISTANCE EFFECTS 
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FIGURE 10 — CURRENT-GAIN BANDWIDTH PRODUCT 
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FIGURE 12 — TEMPERATURE COEFFICIENTS 
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MPS2369 


CASE 29-02, STYLE 1 


MAXIMUM RATINGS TO-92 (TO-226AA) 


Rating 


Collector-Emitter Voltage VCEO 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


SWITCHING TRANSISTOR 
THERMAL CHARACTERISTICS NPN SILICON 


Symbol | Max | Unit | 
Thermal Resistance, Junction to Ambient Re@JA 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


[SC haracterstio «Sym | Min | typ Moe | Unt 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 15 Vde 
(l¢ = 10 mAdc, Ip = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES Vde 
(Ic = 10 Adc, Vee = 0) : 

Collector-Base Breakdown Voltage V(BR)CBO 
(I¢ = 10 wAdc, IE = 0) 


Vdc 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 10 pAdc, Ic = 0) 
“Nea = Vee ie 7 p= [-|y[™ 
hFE 
(I¢ = 10 mAdc, Vcg = 1.0 Vdc) 40 
(I¢ = 10 mAdc, Vcg = 1.0 Vde, TA = —55°C) 20 . 
(I¢ = 100 mAdc, VcE = 2.0 Vdc) 20 
Small-Signal Current Gain ; h 
(I¢ = 10 mAdc, VcE = 10 Vdc, f = 100 MHz) 
SWITCHING CHARACTERISTICS | 
Storage Time 


(VcB = 20 Vdc, IE = 0) 

Collector-Emitter Saturation Voltage(1) VCE(sat)  Vde 
(I¢ = 10 mAdc, IB = 1.0 mAdc) 
(ip1 = IB2 = Ic = 10 mAdc) (Figure 3) 


(VcB = 20 Vdc, Ie = 0, Ta = 125°C) 
ON CHARACTERISTICS 
Base-Emitter Saturation Voltage(1) . VBE(sat) 0.70 Vdc 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 
fe 


DC Current Gain(1) 
Output Capacitance 
(Vcp = 5.0 Vdc, IE = 0, f = 1.0 MHz) 


Turn-On Time 


(Vcc = 3.0 Vdc, Ic = 10 mAdc, Ip1 = 3.0 mAdc) (Figure 1) 


Turn-Off Time 
(Vcc = 3.0 Vdc, Ic = 10 mAdc, Ip1 = 3.0 mAdc, - 
Ip2 = 1.5 mAdc) (Figure 2) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 


SMALL-SIGNAL DEVICES — | MOTOROLA SEMICONDUCTORS 
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MPS2369 


FIGURE 1 — tgn CIRCUIT 


PULSE WIDTH (t1) = 300 ns 
DUTY CYCLE =2.0% 


3.0 V 


FIGURE 2 —toff CIRCUIT 9 -4.15V 


bess ciiane 


PULSE WIDTH (ty) = 300 ns 
DUTY CYCLE =2.0% — 


as FIGURE 3 — STORAGE TEST CIRCUIT 
-4 Cs’ < 3.0 pF 


PULSE WIDTH (t1) = 300 ns 
DUTY CYCLE = 2.0% ‘= 


“Total shunt capacitance of test jig and connectors. 


MOTOROLA SEMICONDUCTORS | SMALL-SIGNAL DEVICES. 
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MAXIMUM RATINGS MPS27 14 
[CollectorEmiver Vorage ——~=S*dt~Cceo | 
| Collector-Base Voltage | Vcpo | 18 |e 
|EmitterBase Voltage | Vepo | 50 
Total Device Dissipation @ Ta = 25°C el ee mW 
Derate above 25°C 5.0 


Total Device Dissipation @ Tc = 25°C 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Derate above 25°C 12.0 mW/°C 
Operating and Storage Junction Ty, Tstg | —55 to +150 °C 
Temperature Range 


THERMAL CHARACTERISTICS 


| Characteristic | Symbol | Max 
Thermal Resistance, Junction to Case ReJc 
Thermal Resistance, Junction to Ambient Re@JA(1) °C 


(1) RajA is measured with the device soldered into a typical printed circuit board. 


SWITCHING TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


[SSC haractevitio «dmb | Min | ty | ee |e 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 18 Vv 
(i¢ = 1.0 mAdc, IE = 0) 

Collector Cutoff Current ICBO pA 7 
(VcB = 18.0 Vdc, IE = 0) 

Emitter Cutoff Current BA 
(VBE = 5.0 Vdc, Ic = 0) 

ON CHARACTERISTICS 


DC Current Gain hfe 75 225 
(I¢ = 2.0 mAdc, VcgE = 4.5 Vdc) 
Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(Ic = 50 mAdc, Ip = 3.0 mAdc) | 
Base-Emitter Saturation Voltage VBE(sat) Vdc 
(I¢ = 50 mAde, Ip = 3.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(i¢ = 10 mAdc, VcE = 10 Vdc, f = 100 MHz) 


Output Capacitance 
(Vcp = 10 Vdc, Ie = 0, f = 100 kHz) 


input Impedance 
(Ic = 0.5 mAdc, Vcge = 1.0 Vde, f = 1.0 kHz) 


Small-Signal Current Gain 
(I¢ = 2.0 mAdc, Vce = 4.5 Vde, f = 1.0 kHz) 


SWITCHING CHARACTERISTICS 
Delay Time 


; : (Ic = 10 mA, lpi = 3.0 mA, Vcc = 10 V) 


lic = 10 mA, Igy = 3.0 mA, Iga = 1.0 mA, 


Fall Time Vcc = 10 V) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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ne be on No RM di A Fe a 


MPS2907 
MPS2907A 


MAXIMUM RATINGS 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Total Device Dissipation @ Ta = 25°C © 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction _ 
Temperature Range 


GENERAL PURPOSE 
TRANSISTOR THERMAL CHARACTERISTICS 


Characteristic 
’ Thermal Resistance, Junction to Case 
Thermal Resistance, Junction to Ambient 


ELECTRICAL CHARACTERISTICS (Ty = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) é . Vde 

(I¢ = 10 mAdc, Ig = 0) ~- MPS2907 . 
| | ~  MPS2907A : E | . 

Collector-Base Breakdown Voltage , V(BR)CBO. 60 Vdc 
(I¢ = 10 wAde, IE = 0) | | | 

Emitter-Base Breakdown Voltage . | ViBR)EBO Vde 
(IE = 10 wAde, Ic = 0) | | 

Collector Cutoff Current . ICEX nAdc 
(VcE = 30 Vdc, VBE(off) = 0-5 Vdc) _ 


PNP SILICON 


Collector Cutoff Current 
(VcB = 50 Vdc, Ie = 0) MPS2907 ; 
MPS2907A 
(VcB = 50 Vdc, Ie = 0, Ta = 125°C) MPS2907 
MPS2907A - 


Base Current 
(VcE = 30 Vdc, VBE(off) = 0.5 Vdc) 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 0.1 mAdc, Vcf = 10 Vdc) MPS2907 


MPS2907A 


il 


10 Vdc) MPS2907 
_MPS2907A 


(I¢ = 1.0 mAdc, VcE 


(Ic = 10 mAdc, VcE = 10 Vdc) MPS2907 
MPS2907A 


(Ic = 150 mAdc, VcgE = 10 Vde)(1) MPS2907, MPS2907A 


(Ic = 500 mAdc, Vcg = 10 Vdc)(1) MPS2907 


MPS2907A 


50 Hl 


on p= fae | 
VBE(sat) Vdc 

1.3 

2.6 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


Collector-Emitter Saturation Voltage(1) 
(I¢ = 150 mAdc, Ip = 15 mAdc) 
(Ic = 500 mAdc, Ip = 50 mAdc) 
Base-Emitter Saturation Voltage(1) 
(ic = 150 mAdc, Ip = 15 mAdc) 
(ic = 500 mAdc, Ip = 50 mAdc) 
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MPS2907, MPS2907A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


jp Characteristic | Symbot | min | Max | unit | 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(1),(2) 
(I¢ = 50 mAdc, VcgE = 20 Vde, f = 100 MHz) 


Output Capacitance 


(Vcp = 10 Vdc, IE = 0, f = 1.0 MHz) 


Input Capacitance 
(VBE = 2.0 Vdc, Ic = 0, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS 


(Vcc = 30 Vdc, Ic = 150 mAdc, 
IB1 = 15 mAdc) (Figures 1 and 5) 
Turn-Off Time 


; (Vcc = 6.0 Vdc, Ic = 150 mAdc, 
ie = eee ae) 


Fall Time 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
(2) ff is defined as the frequency at which |h¢e| extrapolates to unity. 


FIGURE 1 — DELAY AND RISE 
TIME TEST CIRCUIT 


INPUT —30V. 

Zo = 509 

PRF = 150 PPS eer 

RISE TIME S 2.0 ns 

P.W. < 200 ns 

TO OSCILLOSCOPE 

1 If RISE TIME <5.0 ns 
—16 V 

sculls i= : = 
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FIGURE 2 — STORAGE AND FALL 
TIME TEST CIRCUIT 
INPUT 
Zo = 500 +15 V -6.0 V 
PRF = 150 PPS 
RISE TIME S 2.0 ns 
P.W. < 200 ns 


TO OSCILLOSCOPE 
RISE TIME < 5.0 ns 


apne — — i - — 


TYPICAL CHARACTERISTICS 


hee, NORMALIZED CURRENT GAIN 
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MOTOROLA SEMICONDUCTORS 
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FIGURE 4 — COLLECTOR SATURATION REGION 
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FIGURE 6 — TURN-OFF TIME 
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TYPICAL SMALL-SIGNAL CHARACTERISTICS 


NOISE FIGURE 


VcE = 10 Vdc, Ta = 25°C 


FIGURE 7 — FREQUENCY EFFECTS 
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NF, NOISE FIGURE (dB) 


aiill f= 1.0 kHz 


FIGURE 8 — SOURCE RESISTANCE EFFECTS 
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FIGURE 9 — CAPACITANCES 
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FIGURE 11 — “ON” VOLTAGE 
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FIGURE 12 — TEMPERATURE COEFFICIENTS 
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MOTOROLA SEMICONDUCTORS 


MPS3390 
thru 


MPS3398 MAXIMUM RATINGS 
Rating _ Symbol 
Temitter-Gase Voltage —=~S*~*~*~dC« BO |S 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 

Tota! Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


GENERAL PURPOSE 
TRANSISTOR 


NPN SILICON 


Refer to 2N3903 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol_| Min | Max | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I¢ = 1.0 mAdc, Ip = 0) 


Collector Cutoff Current _ 
(VcB = 18 Vdc, IE = 0) 


Emitter Cutoff Current 
(VEB = 5.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 


‘DC Current Gain 
(VcE = 4.5 Vdc, Ic = 2.0 mAdc) MPS3390 
MPS3391 
MPS3392 
MPS3393 
MPS3394 
MPS3395 
MPS3396 
MPS3397 
MPS3398 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(VcB = 10 V, IE = 0, f = 1.0 MHz) 


Small-Signal Current Gain 
(Vee = 4.5. V, Ic = 2.0 mA, f = 1.0 kHz) MPS3390 
MPS3391 
MPS3392 
MPS3393 
MPS3394 
MPS3395 
MPS3396 
MPS3397 - 
MPS3398 


MOTOROLA SEMICONDUCTORS : SMALL-SIGNAL DEVICES 
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MPS3391A 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Symbol 
Collector-Emitter Voltage VCEO 
Collector-Base Voltage VcBO 


Emitter-Base Voltage VEBO 
Collector Current — Continuous | ic | 


Ic 

Total Device Dissipation @ Ta = 25°C 625 mW 
Derate above 25°C 5.0 mWw/°C 

Total Device Dissipation @ Tc = 25°C 1.5 Watts 
Derate above 25°C 12 mWw/°C 
Operating and Storage Junction TJ, Tstg | —55 to +150 °C 

Temperature Range 
THERMAL CHARACTERISTICS AMPLIFIER TRANSISTOR 


[Characteristic ———=~~=«| Symbol [Max [Unit | 
Thermal Resistance, Junction to Case Re@Jc 
Thermal Resistance, Junction to Ambient RJA 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(I¢ = 1.0 mAdc, Ip = 0) 

Collector Cutoff Current ICBO pAdc 
(VcB = 25 Vdc, IE = 0) 0.1 
(VcB = 25 Vdc, IE = 0, Ta = 100°C) 10 


Emitter Cutoff Current 


(Veg = 5.0 Vdc, Ic = 0) 
ON CHARACTERISTICS 


DC Current Gain hFE 250 500 
(I¢ = 2.0 mAdc, Vcg = 4.5 Vdc) . 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(VcB = 10 Vdc, Ile = 0, f = 1.0 MHz) 


Current Gain — High Frequency 


(I¢ = 100 wAdc, VcE = 10 Vdc, f = 1.0 kHz) 


Noise Figure 
(Ic = 100 wAdc, VcgE = 4.5 Vdc, Rg = 5.0 kohms, f = 10 Hz to 15.7 kHz) 


SMALL-SIGNAL DEVICES | MOTOROLA SEMICONDUCTORS 
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dR Rah Bibi ok case den | Ba pe Be 


-MPS3402 | 
MPS3403 | MAXIMUM RATINGS | 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Emitter-Base Voltage 
Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 


Derate above 25°C 


Operating and Storage Junction 
’ Temperature Range 


TRANSISTOR 


NPN SILICON 


Refer to MPS8098 for graphs. 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol_| Min | Max | Unit _| 


Collector-Emitter Breakdown Voltage . ‘ V(BR)CEO 25 
(i¢ = 1.0 mA) 


OFF CHARACTERISTICS 


Collector-Base Breakdown Voltage © V(BR)CBO Vdc 
(Ii¢ = 100 A) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 10 pA) 
Collector Cutoff Current ICBO 
(VcB = 18 V) 100 nA 
(VcB = 18V, Ta = 100°C) 15 pA 
Emitter Cutoff Current nA 
(VBE = 5.0 V) 
ON CHARACTERISTICS 
DC Current Gain FE 
(Ic = 2.0 mA, VcgE = 4.5 V) MPS3402 75 225 
(Ic = 2.0 mA, Vcg = 4.5 V) MPS3403 180 540 
Collector-Emitter Saturation Voltage VCE(sat) 0.3 Vdc 
(I¢ = 50 mA, Ip = 3.0 mA) rh | 
Base-Emitter Saturation Voltage VBE(sat) 1.3 Vdc 
(I¢ = 50 mA, Ip = 3.0 mA) 
SMALL-SIGNAL CHARACTERISTICS 
Small-Signal Current Gain 


(IC = 2.0 mA, Vcge = 4.5 V, f = 1.0 kHz) 
(Ic = 2.0 mA, VcE = 4.5 V, f = 1.0 kHz) 


MOTOROLA SEMICONDUCTORS | SMALL-SIGNAL DEVICES 
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MPS3404 


MAXIMUM RATINGS MPS3405 


Rating 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Collector Current — Continuous 


Total Device Dissipation @ Tp = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction Ty, Tstg 
Temperature Range 
THERMAL CHARACTERISTICS 


TRANSISTOR 
[Characteristic «Symbol | Max [Unie 
Thermal Resistance, Junction to Case NPN SILICON 


Thermal Resistance, Junction to Ambient R@JA 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot_| Min | Max | Unit | 


OFF CHARACTERISTICS 


Refer to MPS8098 for graphs. 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(I¢ = 1.0 mA) 


Collector-Base Breakdown Voltage V(BR)CBO Vde 
(I¢ = 100 A) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 10 pA) 
Collector Cutoff Current ICBO | 
(VcB = 18 V) 100 nA 
(VcB = 18 V, Ta = 100°C) 15 pA 
Emitter Cutoff Current 100 nA 
(VBE = 5.0 V) 
ON CHARACTERISTICS 
DC Current Gain hFE 
(Ic. = 2.0 MA, VcE = MPS3404 75 
(Ic = 2.0 MA, VcE = MPS3405 180 
Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(Ic = 50 mA, Ip = 3.0 mA) 
Base-Emitter Saturation Voltage VBE(sat) 1.3 Vde 
(Ic = 50 mA, Ip = 3.0 mA) 
SMALL-SIGNAL CHARACTERISTICS 
Small-Signal Current Gain 


(ic = 2.0 mA, Vcg = 4.5 V, f = 1.0 kHz) MPS3404 
(Ic = 2.0 mA, VcE = 4.5 V, f = 1.0 kHz) MPS3405 


MPS3563 For Specifications, See MPS918 
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MPS3565 MAXIMUM RATINGS 


Rating 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Power Dissipation @ Ta = 60°C 


Total Device Dissipation @ Tc = 25°C 
12 


Derate above 25°C 


Watts 
mW/°C 
GENERAL PURPOSE 
TRANSISTOR THERMAL CHARACTERISTICS 


| Characteristic | Symbot_| Max | Unit 
Thermal Resistance, Junction to Case RgJjc | 83.3 °C/W 
Thermal Resistance, Junction to Ambient Raja 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol] Min | Max | Unit _| 


Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(I¢ = 100 pA) 

Collector-Emitter Breakdown Voltage V(BR)CEO(sus) Vdc 
(I¢ = 2.0 mA) 


Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(le = 10 pA) 
Collector Cutoff Current ICBO 
50 nAdc 
3.0 pA 
DC Current Gain 
(Ic = 100 pA, VcE 
Output Capacitance | Cobo pF 
(Vcp = 10 V, f = 1.0 MHz) 
Small-Signal Current Gain hfe 
12 
750 


NPN SILICON 


Refer to 2N4400 for graphs. 


OFF CHARACTERISTICS 


ON CHARACTERISTICS 
SMALL-SIGNAL CHARACTERISTICS 


(Vcp = 25 V) 
(VcB = 25 V, Ta = 65°C) 
FE 
70 
(ic = 1.0 mA, VcE 150 
Collector-Emitter Saturation Voltage VCE(sat) Vde 
(Ic = 1.0 mA, Ip = 0.1 mA) 
(I¢ = 1.0 mA, VcE = 5.0 V, f = 20 MHz) 
(Ic = 10 mA, VcgE = 5.0 V, f = 1.0 kHz) 
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er ert Sa tO cee Re i ee 


MPS3566 


CASE 29-02, STYLE 1 
-TO-92 (TO-226AA) 


MAXIMUM RATINGS 


| Rating =| Symbol 

Vde 
[emitter-Bese Voltage ———=~S~*d~CSew | 8 
Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Power Dissipation @Ta = 60°C | Pp | 450, | mw 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction Ty, Tstg —55 to +150 °C 
Temperature Range 
THERMAL CHARACTERISTICS 


Characteristic 


GENERAL PURPOSE 
TRANSISTOR 


NPN SILICON 


Thermal Resistance, Junction to Case 


Thermal Resistance, Junction to Ambient 


Refer to 2N4400 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO(sus) 30 Vde 
(ic = 30 mA) 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 100 pA) 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(le = 10 pA) . 
Collector Cutoff Current ICBO 
(Vcp = 20 V) nA 
(VcB = 20 V, Ta = 75°C) BA 
Emitter Cutoff Current pA 
(VBE = 5.0 V) 
ON CHARACTERISTICS : | 
DC Current Gain hee 
(Ic = 10 mA, VcE = 10 V) 150 
(I¢ = 2.0 mA, VcE = 10 V) 80 
Collector-Emitter Saturation Voltage ; VCE(sat) 1.0 | 
(I¢ = 100 mA, Ip = 10 mA) 


Vde 
Base-Emitter On Voltage(1) Vde 
(l¢ = 100 mA, VcE = 1.0 V) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(VcB = 10 V, f = 1.0 MHz) 


Small-Signal Current Gain . 
(Ic = 30 mA, VcE = 10 V, f = 20 MHz) 


(1) Pulse Test: Pulse Width < 300 ps, Duty Cycle < 2.0%. 


SMALL-SIGNAL DEVICES | | - MOTOROLA SEMICONDUCTORS 


2-113 


MPS3567 
MPS3568 MAXIMUM RATINGS 


messes | [te PT | 


Collector-Emitter | Collector-Emitter Voltage sid | VcEO | 


Collector-Base Voltage VCBO SS 
Emitter-Base Voltage a eso [sae 
Collector Current — Continuous | mAdc | 


Total Device Dissipation @ Ta = 25°C mw 
Derate above 25°C mWw/°C 
Total Device Dissipation @ Tc = 25°C Watts 
Derate above 25°C mW/°C 
Operating and Storage Junction Ty, Tstg | —55 to +150 °C 
Temperature Range 
THERMAL CHARACTERISTICS 


Characteristic | Symbol | Max | Unit 
Thermal Resistance, Junction to Case R@Jc | 83.3 | ecw Cd 
Thermal Resistance, Junction to Ambient R@JA 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Characteristic | Symbot_ | Min | Max | Unit 
(ic = 30 mAdc, Ip = 0) MPS3567, MPS3569 


VCEO(sus) Vde 
40 
MPS3568 60 
Collector-Base Breakdown Voltage V(BR)CBO Vde 
(I¢ = 100 wAdc, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 10 pAdc, Ic = 0) 
Collector Cutoff Current ICBO 
(VcB = 40 Vdc, Ie = 0) nAdc 
(VcB = 40 Vdc, IE = 0, Ta = 75°C) pAdc 
Emitter Cutoff Current 25 nAdc 
(VEB = 4.0 Vdc, Ic = 0) 


ON CHARACTERISTICS(1) 
DC Current Gain 


(ic = 30 mAdc, VcE = 1.0 Vde) MPS3567, MPS3568 
| MPS3569 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


NPN SILICON 


Refer to 2N4400 for graphs for MPS3567, 3569.* 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage(1) 


(Ic = 150 mAdc, VcE = 1.0 Vdc) MPS3567, MPS3568 
MPS3569 100 


Collector-Emitter Saturation Voltage VCE(sat) 0.25 Vde . 
(I¢ = 150 mAdc, IR = 15 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 1.1 Vdc 
(I¢ = 150 mAdc, Ip = 15 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(1) 
(Ic = 50 mAdc, Vcg = 10 Vde, f = 20 MHz) 


Output Capacitance 


(VcB = 10 V, f = 1.0 MHz) 


input Capacitance 
(VEB = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 


*Refer to MPS8098 for graphs for MPS3568. 
(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%, 
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MAXIMUM RATINGS 


es a a 


[ColletorEmitterVottage ——~—~=«d~Cce 28S 
| Collector-Emitter Voltage | ces =| 5 |e 
Vde 
Emitter-Base Voltage | Vepo | 40 | Vdc 
Collector Current — Continuous re ae 


Total Device Dissipation @ Ta = 25°C 625 mw 
Derate above 25°C 5.0 mWw/°C 
Total Device Dissipation @ Tc = 25°C 1.5 Watts 
Derate above 25°C 12 mWw/°C 
Operating and Storage Junction Ty, Tstg | —55 to +150 °C 
Temperature Range 


THERMAL CHARACTERISTICS 
[_Charactertic ————~—~*d;Symbot [Mae 
[Thermal Resistance, Junction to Ambient | Rayait) | 200 [cw 


(1) RgjA is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


MPS3638 
MPS3638A 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


SWITCHING TRANSISTOR 


PNP SILICON 


Refer to 2N4402 for graphs. 


po Characteristic Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I¢ = 100 wAdc, Vee = 0) 
Collector-Emitter Sustaining Voltage(1) 
(I¢ = 10 mAdc, Ig = 0) 
Collector-Base Breakdown Voltage : 
(I¢ = 100 pAdc, IE = 0) 
Emitter-Base Breakdown Voltage 
(IE = 100 nAdc, Ic = 0) 
Collector Cutoff Current 
(VcE = 15 Vdc, Veg = 0) 
(VceE = 15 Vdc, Vee = 0, Ta = —65°C) 
Emitter Cutoff Current 
(VER = 3.0 V, Ic = 0) . 
Base Current . 
(VcE = 15 Vde, Veg = 0) 
ON CHARACTERISTICS(1) 


DC Current Gain 
(I¢ = 1.0 mAdc, Vee = 10 Vdc) MPS3638A 


(I¢ = 10 mAdc, VcE = 10 Vdc) MPS3638 
MPS3638A 


(I¢ = 50 mAdc, Vcg = 1.0 Vdc) MPS3638 
| MPS3638A 


(Ic = 300 mAdc, Vcg = 2.0 Vdc) | MPS3638 
MPS3638A 


Collector-Emitter Saturation Voltage 
(I¢ = 50 mAdc, Ig = 2.5 mAdc) 
(I¢ = 300 mAdc, Ip = 30 mAdc) 


Base-Emitter Saturation Voltage 
(I¢ = 50 mAdc, Ip = 2.5 mAdc) 
(Ic = 300 mAdc, Ip = 30 mAdc) 


Nd ol Ma Mil 
ee 
Lc all EE Mi 
Fd il a a 


VCE(sat) 


VBE(sat) 
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MOTOROLA SEMICONDUCTORS 


MPS3638, MPS3638A 


ELECTRICAL CHARACTERISTICS (continued) a = 25°C unless otherwise noted.) 


po haracteristic Symbol | Min | Max | Unit 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(VcE = 3.0 Vde, Ic = 50 mAdc, f = 100 MHz) MPS3638 
MPS3638A 


| fw | = ~ 
Cobo pF 
20 
10 


Output Capacitance 
(Vcg = 10 Vdc, Ie = 0, f = 1.0 MHz) MPS3638 
MPS3638A 


Input Capacitance 
(VBE = 0.5 Vdc, Ic = 0, f = 1.0 MHz) MPS3638 
MPS3638A 


Input Impedance 
(I¢ = 10 mAdc, Veg = 10 Vde, f = 1.0 kHz) 


Voltage Feedback Ratio 
(I¢ = 10 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) MPS3638 
MPS3638A 


Smalli-Signal Current Gain hfe 
(I¢ = 10 mAdc, VcgE = 10 Vdc, f = 1.0 kHz) MPS3638 25 
MPS3638A 100 
Output Admittance mmhos 
(Ic = 10 mAdc, Vcge = 10 Vdc, f = 1.0 kHz) 


SWITCHING CHARACTERISTICS 


(Vec = 10 Vde, Ic = 300 mAde, 
isa all a ae ee ee 
(Vcc = 10 Vde, Ic = 300 mAdc, 
igi = 30 mAdc, Ig2 = 30 mAdc) 
ie = soo matle gj = Soins ag 00 Hace 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MAXIMUM RATINGS — MPS3640 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


SWITCHING TRANSISTOR 


PNP SILICON 


THERMAL CHARACTERISTICS 


Characteristic Symbol 
Thermal Resistance, Junction to Case Re@Jc 


Thermal Resistance, Junction to Ambient RJA 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Chater «debt | in| Oe 
OFF CHARACTERISTICS 

colletorEmitter Breakdown Volage Ug = 100 Ade Vez = 0 ——~S~*dCpmces | ee 

Golletor Emitter Sustaining Vottagelt) (ig = 10 made, ig =0) | Veeoisusy | 12 | | ve 

colletor Bese Breakdown Voltage lc = 100 Adele = 0) ~~~“ Wipmycno | 12 | |v 


Collector Cutoff Current (Vce = 6.0 Vdc, VpE = IcES ae Fe 
=— = 1.0 


(VcE = 6.0 Vdc, Vee 
Base Current (VCE = 6.0 Vdc, Vee = 0) | ig 
ON CHARACTERISTICS(1) 


DC Current Gain (ic = 10 mAdc, VcgE = 0.3 Vdc) 
(i¢ = 50 mAdc, VcgE = 1.0 Vdc) 


Collector-Emitter Saturation Voltage = 10 mAdc, Ip = 1.0 mAdc; VCE(sat) 
50 mAdc, Ig = 5.0 mAdc) 
10 mAdc, Ip = 1.0 mAdc, Ta = 65°C) 


Base-Emitter Saturation Voltage (Ic = 10 mAdc, lp = 0.5 mAdc) VBE(sat) 
(Ic = 10 mAdc, Ip = 1.0 mAdc) 
(Ic = 50 mAdc, Ip = 5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 

Current-Gain — Bandwidth Product (Ic = 10 mAdc, Vce = 5.0Vde,f= 100MHz) | fr =| 500 | — | 
 GaaNiGralana” Vege COWse Bao etOMNS eae) ese 
Input Capacitance (Vge = 0.5 Vdc, Ic = 0, f = 1.0 MHz) oe eae ee , 


SWITCHING CHARACTERISTICS 


Delay Time (Vcc = 6.0 Vdc, Ic = 50 mAdc, VBE (off) = 1.9 Vde, 
Rise Time IB1 = 5.0 mAdc) 


(Voc = 6.0 Vdc, Ic = 50 mAdc, Ig1 = Ig2 = 5.0 mAdc) 
Fall Time 


Turn-On Time 


(Vcc = 6.0 Vde, Ic = 50 mAdc, VBE(off) = 1.9 Vde, Ig1 = 5.0 mAdc) 
(Vcc = 1.5 Vde, Ic = 10 mAdc, Ip1 = 0.5 mAdc) 


Turn-Off Time 
(Vcc = 6.0 Vdc, Ic = 50 mAdc, VeE(off) = 1-9 V, IB1 = IB2 = 5.0 mAdc) 
(Vcc = 1.5 Vde, lc = 10 mAdc, Ip1 = IB2 = 0.5 mAdc) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. ~ 
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MPS3640 
FIGURE 1 


Veg =+1.9 V 


Vcc =-6.0V 


0 


call 


PULSE SOURCE 
Rise Time 1.0 ns 
Pulse Width =100 ns 
Zin = 50 Ohms 

Fall Time= 1.0 ns 


Vout 


TO SAMPLING SCOPE 
Input Z 7100 k 
Rise Time= 1.0 ns 


NOTES: Collector Current = 50 mA, Turn-On and Turn-Off Time 
Base Currents = 5.0 mA. 


FIGURE 3 —- DC CURRENT GAIN 
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FIGURE 5 — COLLECTOR SATURATION REGION 
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FIGURE 7 — CURRENT-GAIN-—BANDWIDTH PRODUCT 
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FIGURE 2 
Vec=1.5V 


Vpp = -6.0 V 


Vout 


TO SAMPLING SCOPE 
Input Z 2100 k 


Rise Time 1.0 ns Rise Time 1.0 ns 


Pulse Width 7200 ns 
Zin = 50 Ohms 
Fall Time< 1.0 ns 


NOTES: Collector Current = 10 mA, Turn-On and Turn-Off Time 
Base Currents = 0.5 mA. 


FIGURE 4 — “ON” VOLTAGES 
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FIGURE 6 — TEMPERATURE COEFFICIENTS 
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SMALL-SIGNAL DEVICES 


MPS3644 
MPS3645 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


[rating TT Symbot [value [unit | 


Collector-Emitter Voltage MPS3644 VCEO Vde 
MPS3645 

Collector-Base Voltage MPS3644 VcBO 
MPS3645 


Emitter-Base Voltage VEBO -—80_| We 

Total Device Dissipation @ Ta = 25°C 6 Watts 
Derate above 25°C mWw/C 

Operating and Storage Junction Tj, Tstg | —55 to +150 °C 
Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


| Characteristic | Symbot_ | Min | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage(1) (Ic = 10 mA) MPS3644 | VcCEO(sus) Vdc 
MPS3645 
Collector-Base Breakdown Voltage (Ic = 100 uA) MPS3644 V(BR)CBO 
~  MPS3645 


Emitter-Base Breakdown Voitage (l- = 10 uA) ~(BRIEBO | 50 | — .| Vde | 


Collector Cutoff Current 
(VcE = 30 Vdc) MPS3644 
(VcE = 50 Vdc) MPS3645 
(VCE = 30 Vdc, @ Ta = 65°C) MPS3644 
(VcE = 50 Vdc, @ Ta = 65°C) MPS3645 


ON CHARACTERISTICS 


GENERAL PURPOSE 
TRANSISTOR 


PNP SILICON 


DC Current Gain (Ic = 100 pA, VcE = 
(I¢ = 1.0 mA, VcE = 10 Vdc) 


10 Vdc) 


(Ic = 10 mA, VcE 
(I¢ = 50 mA, VcE 


10 Vdc)(1) 
1.0 Vde)(1) 


(I¢ = 150 mA, VcE = 10 Vdc)(1) 
(ic = 300 mA, VcE = 2.0 Vde)(1) 


20 
Collector-Emitter Saturation Voltage (Ic = 50 mA, Ig = 2.5 mA)(1) VCE(sat) 
(Ic 150 mA, Ip = 15 mA)(1) 
(Ic = 300 mA, IB = 30 mA)(1) 
Base-Emitter Saturation Voltage (Ic = 50 mA, Ip = 2.5 mA)(1) VBE(sat) 
(Ic = 150 mA, IB = 15 mA)(1) 
(I¢ = 300 mA, Ip = 30 mA)(1) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance (Vcp = 10 Vdc) 


Input Capacitance (VEB = 0.5 Vdc) | Cibo | — | 2 | pF 
Input Impedance (Ic = 10 mA, Vcg = 10 Vde, f = 1.0 kHz) oe eae 2000 


Voltage Feedback Ratio (ic = 10 mA, VcgE = 10 Vdc, f = 1.0 kHz) 


(Ic = 20 mA, Vcg = 20 Vdc, f = 100 MHz) 
(Ic = 10 MA, VcE = 10 Vde, f = 1.0 kHz) 


Output Admittance (Ic = 10 mA, Vcg = 10 Vdc, f =°1.0 kHz) 


SWITCHING CHARACTERISTICS (FIGURE 1) 


Turn-Off Time (I¢ = 300 mA, Igy = IB2 = 30 mA) | toe | — | 100 | ns | 


(1) Pulse Width = 300 usec., Duty Cycle = 1.0%. 


Small-Signal Current Gain 
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MPS3646 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Emitter-Base Voltage 


Collector Current — Continuous 
— 10 us Pulse 
Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


SWITCHING TRANSISTOR THERMAL CHARACTERISTICS 


| Characteristic | Symbot_ | Max | Unit _| 
Thermal Resistance, Junction to Case ReJc | 83.3] CWC 
Thermal Resistance, Junction to Ambient RJA 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | symbol | Min | Max | Unit 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Ic = 100 pAdc, VgE = 0) Viprices | 40 | — | Vdc | 
Collector-Emitter Sustaining Voltage(1) (I¢ = 10 mAdc, Ip = 0) VCEO(sus) ee ee ee 
Collector-Base Breakdown Voltage (lc = 100 wAdc, IE = 0) | V(BR)CBO | 40 | 


Emitter-Base Breakdown Voltage (l— = 100 uAdc, Ic = 0) V(BR)EBO 


NPN SILICON 


Refer to 2N4264 for graphs. 


Collector Cutoff Current (VcEe = 20 Vdc, VBE = 0) ICES 
(VcE = 20 Vdc, Vee = 0, Ta = 65°C) 


ON CHARACTERISTICS(1) 


DC Current Gain (ic = 30 mAdc, VcgE = 0.4 Vdc) hFE 
(I¢ = 100 mAdc, VcE = 0.5 Vdc) 
(I¢ = 300 mA, VcE = 1.0 Vdc) 


Collector-Emitter Saturation Voltage (Ic = 30 mAdc, Ip = 3.0 mAdc) VCE(sat) 
. (Ic = 100 mAdc, Ip = 10 mAdc) 
(I¢ = 300 mAdc, Ig = 30 mAdc) 
(Ic = 30 mA, Ip = 3.0 mA, Ta = 65°C) 


Base-Emitter Saturation Voltage (Ic = 30 mAdc, IB = 3.0 mAdc) VBE(sat) 0.73 
. (I¢ = 100 mAdc, Ip = 10 mAdc) —_ 
(I¢ = 300 mAdc, Ip = 30 mA) —_ 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 30 mAdc, VcE = 10 Vde, f = 100 MHz) 


Output Capacitance | 
(VcB = 5.0 Vde, Ie = 0, f = 1.0 MHz) 


Input Capacitance 
(VBE = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS 


a‘ (Vcc = 10 Vdc, VBE(off) = 3-0 Vdc, Ic = 300 mAdc, 
meray cme Ig1 = 30 mAdc) (Figure 1) ee 


Turn-Off Time (Vcc = 10 Vde, Ic = 300 mAdc, Igy = 
Fall Time (Figure 1)” _ 


Storage Time 
(Vcc = 10 Vde, Ic = 10 mAdc, Ip1 = IB2 = 10 mAdc) (Figure 2) 


(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 
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MPS3646 


FIGURE 1 — SWITCHING TIME TEST CIRCUIT 
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FIGURE 2 — CHARGE STORAGE TIME TEST CIRCUIT 


+10 V +11V +10 V 


10% Pulse 
Waveform at 
Point “A” 


To Sampling Scope 


tp <1.0 ns 890 
Zin = 100k2 % 
out 
— re) — ; To Sampling Scope 
> \ hy, t- S1.0ns 
in 
-10V_ 56 Zin = 100 kQ 
tp <1.0 ns 


Pulse Width = 300 ns = — 
Duty Cycle = 2.0% 
Zin = 502 
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MPS3702 
MPS3703 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


| Rating | Symbol [mPs3702iMPs3703|_Unit _| 
[Collector-Emitter Voltage | ceo | 25 | 30 | Vdc 
-Galestordene Vetage | Veso | #0 | eo | vse _| 
[Emitter-Base Voltage | Vepo |. 50 

Se aa es a 


Total Device Dissipation @ Ta = 25°C mw 
Derate above 25°C mw/°C 
Operating and Storage Junction Ty, Tstg —55 to + 150 °C 
Temperature Range 


AMPLIFIER TRANSISTOR 
THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Ambient Raja | 02 | ecw” 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit 


V(BR)CEO Vde 
25 
30 
V(BR)CBO Vde 
(Ic = 100 wAde, IE = 0) MPS3702 
MPS3703 


Refer to 2N4402 for graphs. 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(I¢ = 10 mAdc, Ip = 0) MPS3702 
MPS3703 


Collector-Base Breakdown Voltage 


Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 100 pAde, Ic = 0) 
Collector Cutoff Current ICBO nAdc 
(VcB = 20 Vdc, IE = 0) ' 
Emitter Cutoff Current 100 nAdc 
(VBE = 3.0 Vdc, Ic = 0) 
ON CHARACTERISTICS 
DC Current Gain(1) hrE 
(Ic = 50 mAdc, VcE = 5.0 Vdc) MPS3702 300 
MPS3703 150 
Collector-Emitter Saturation Voltage(1) VCE(sat) Vdc 
(I¢ = 50 mAdc, Ip = 5.0 mAdc) 
Base-Emitter On Voltage(1) VBE(on) Vde 
(I¢ = 50 mAdc, VcgE = 5.0 Vdc) 
SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 
(I¢ = 50 mAdc, VcE = 5.0 Vde, f = 20 MHz) 


Output Capacitance 
(VcB = 10 Vdc, f = 1.0 MHz) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
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MPS3704 
thru 
MPS3706 


MAXIMUM RATINGS 


MPS3704|MPS3706 
Sas eae MPS3705 
Collector-Emitter | Collector-Emitter Voltage si VCEO | 30 | 20 | Vde | 


[cater See Vatage | veg [so [ao | var — 
Erica eve votoge ——___{ Yeso_|___$-__}_ ie 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Collector Current — Continuous | mAdc | 
Total Device Dissipation @ Ta = 25°C 

Derate above 25°C AWE 
Operating and Storage Junction Ty. Tstg —55 to +150 

Temperature Range 
THERMAL CHARACTERISTICS AMPLIFIER TRANSISTOR 


Symbol | Max | Unit__ NPN SILICON 
Thermal Resistance, Junction to Ambient RJA 


Refer to 2N4400 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic [|_Symbot_| Min | Max | Unit _ | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(Ic = 10 mAde, IE = 0) MPS3704 
MPS3705 
MPS3706 


Collector-Base Breakdown Voltage V(BR)CBO 
(I¢ = 100 pAdc, Ie = 0) MPS3704 
MPS3705 
MPS3706 


Emitter-Base Breakdown Voltage V(BR)EBO 
(l_ = 100 wAdc, Ic = 0) 

Collector Cutoff Current ICBO nAdc 
(VcB = 20 Vdc, IE = 0) 


_ Emitter Cutoff Current 
(VBE = 3.0 Vdc, Ic = 0) 
ON CHARACTERISTICS 
DC Current Gain(1) hFE 
(I¢ = 50 mAdc, Vcg = 2.0 Vdc) MPS3704 oy 


MPS3705 
MPS3706 


Coilector-Emitter Saturation Voltage(1) ; VCE(sat) 
(I¢ = 100 mAdc, Ip = 5.0 mAdc) MPS3704 
MPS3705 
: MPS3706 


Base-Emitter On Voltage(1) 
(Ic = 100 mAdc, Vcg = 2.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 50 mAdc, VcE = 2.0 Vde, f = 20 MHz) 


Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 


(1) Pulse Test: Pulse Width = 300 ws, Duty Cycle = 2.0%. 
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MPS3707 
MPS3710 
MPS3711 


MAXIMUM RATINGS 


| Rating =| Symbol | Value 
[ollestorEmiver Voltage ———~«d;~—SVcgo | 90 
Vde 
Emitter-Base Voltage : | Vepo | 60 | Vdc 
ic | 30 | 


Total Device Dissipation @ Ta = 25°C 625 mW 
Derate above 25°C 5.0 mWw/°C 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction Ty, Tstg 
Temperature Range . 


—55 to +150 


THERMAL CHARACTERISTICS 


Symbol 
Thermal Resistance, Junction to Ambient R@JA 200 
Thermal Resistance, Junction to Case RaJc 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Characteristic. Symbol_| Min | Max | Unit 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 1.0 mAdc, IB = 0) 


Collector Cutoff Current 
(VcB = 20 Vdc, IE = 0) 


Emitter Cutoff Current 
(VBE = 6.0 Vdc, Ic = 0) 


GENERAL PURPOSE TRANSISTOR 


NPN SILICON 


Refer to MPS3903 for graphs. 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 100 wAdc, VcE 
(I¢ = 1.0 mAdc, VcE 


5.0 Vdc) MPS3707 
5.0 Vdc) MPS3710 
MPS3711 


Collector-Emitter Saturation Voltage 
(I¢ = 10 mAdc, Ip = 0.5 mAdc) 


Base-Emitter On Voltage 
(I¢ = 1.0 mAdc, Vcg = 5.0 Vdc) 
SMALL-SIGNAL CHARACTERISTICS 


Small-Signal Current Gain 
(i¢ = 100 wAdc, VcE = 5.0 Vde, f = 1.0 KHz) MPS3707 
(I¢ = 1.0 mAdc, VcgE = 5.0 Vdc, f = 1.0 KHz) MPS3710 
MPS3711 


Noise Figure(1) 
(VcE = 5.0 V, Ic = 100 pA) MPS3707 
(Rg = 5.0 KO, Noise Bandwidth = 15.7 KHz) 


(1) Average Noise Figure is measured in an amplifier with low frequency response down 3 dB at 10 c/s. 


MOTOROLA SEMICONDUCTORS | SMALL-SIGNAL DEVICES 


2-124 


MPS3866 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Rating 


c 
Collector Current — Continuous 0.4 Adc 

Total Device Dissipation @ Ta = 25°C 625 mW 
Derate above 25°C 5.0 mW/°C 

Total Device Dissipation @ Tc = 25°C 1.5 Watts 
Derate above 25°C 12 mW/°C 
Operating and Storage Junction Ty, Tstg | —55 to +150 °C 

Temperature Range 
THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case RaJc 
Thermal Resistance, Junction to Ambient Raja 


AMPLIFIER TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Pe Characteristic | Symbot_ | Min | Max | Unit 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage VCER(sus) Vde 
(Ic = 5.0 mAdc, Reg = 10 2) 

Collector-Emitter Sustaining Voltage VCEO(sus) Vdc 
(I¢ = 5.0 mAdc, Ip = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 100 wAdc, Ic = 0) 

Collector Cutoff Current ICEO 
(VcE = 28 Vdc, Ip = 0) 

Collector Cutoff Current 


(VcE = 30 Vdc, Vee = —1.5 Vde (Rev.), Tc = 150°C) 
(VceE = 55 Vdc, Vee = —1.5 Vdc (Rev.) 


Emitter Cutoff Current 
(VBE = 3.5 Vdc, Ic = 0) 


ON CHARACTERISTICS | 


DC Current Gain 
(I¢ = 360 mAdc, Vcge = 5.0 Vdc)(1) 


hFE 
(I¢ = 50 mAdc, VcgE = 5.0 Vdc) 
Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(I¢ = 100 mAdc, IB = 20 mAdc) . 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 50 mAdc, Vcge = 15 Vde, f = 200 MHz) 


Output Capacitance 
(VcB = 28 Vdc, IE = 0, f = 1.0 MHz) 


FUNCTIONAL TEST 


Amplifier Power Gain a 


(Vcc = 28 Vdc, Poyt = 1.0 W, f = 400 MHz) 


Collector Efficiency . n 
(Vcc = 28 Vdc, Pout = 1.0 W, f = 400 MHz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle <= 2.0%. 
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‘MPS3866 


FIGURE 1 — 400 MHz TEST CIRCUIT SCHEMATIC 


Sachi RF 
RF Inputs 
Inputs . 
C1: 3.0 35 pF 
C2, C5: 8.0 60 pF 
| C3: 12 pF 
| C4: 1000 pF - 
C6: 0.9-7.0 pF 
L1: Two turns #18 Wire, 
1/4” ID, 178” long 
| L2: FERRITE RF Choke, 
One Turn, z= 450 Ohms ~ 
L3, L4: RF Choke, 0.1 pH | 28 Vac 
L5: 2-3/4 Turns, #18 Wire, ue 
1/4” ID, 3/16” long = 
R1: 5.6 Ohms. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


2-126 


MPS3903 
MPS3904 


MAXIMUM RATINGS 


Rating 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Power Dissipation @ Ta = 60°C 


Total Device Dissipation @ Tc = 
Derate above 25°C 


THERMAL CHARACTERISTICS 


Symbol 
Thermal Resistance, Junction to Case Reajc 
Therma! Resistance, Junction to Ambient RJA 


GENERAL PURPOSE TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(I¢ = 1.0 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(ic = 10 wAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 wAdc, Ic = 0) 

Collector Cutoff Current 


(VcE = 30 Vdc, VEB(off) = 3.0 Vdc) 
Base Cutoff Current 

(VcE = 30 Vdc, VEB(off) = 3.0 Vdc) 
ON CHARACTERISTICS(1) 
DC Current Gain 


(I¢ = 0.1 mAdc, Vcge = 1.0 Vdc) MPS3903 
MPS3904 


(i¢ = 1.0 mAdc, Vcg = 1.0 Vdc) MPS3903 
MPS3904 


(I¢ = 10 mAdc, Vcg = 1.0 Vdc) MPS3903 
MPS3904 


(Ic = 50 mAdc, Vee = 1.0 Vdc) MPS3903 
MPS3904 


Ic = 100 mAdc, Vcg = 1.0 Vdc) MPS3903 
MPS3904 


Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 10 mAdc, Ip = 1.0 mAdc) 
(I¢ = 50 mAdc, Ip = 5.0 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 
(I¢ = 10 mAdc, Ig = 1.0 mAdc) 
(I¢ = 50 mAdc, Ip = 5.0 mAdc) 
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MPS3903, MPS3904_ 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


- : Characteristic 
SMALL-SIGNAL CHARACTERISTICS a 


Current-Gain — Bandwidth Product _ . - 
(I¢ = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) MPS3903 
. MPS3904 


Output Capacitance 
(Vcp = 5.0 Vdc, Ig = 0, f = 100 kHz) 


Input Capacitance 
(Vee = 0.5 Vdc, Ic = 0, f = 100 kHz) 


Input Impedance 8 
(I¢ = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) SO MPS3903 
ae MPS3904 


Voltage Feedback Ratio 
(i¢ = 1.0 mAdc, VcgE = 10 Vde, f = 1.0 kHz) MPS3903 
' MPS3904 


Small-Signal Current Gain hfe 
(I¢ = 1.0 mAdc, VcgE = 10 Vdc, f = 1.0 kHz) MPS3903 | 
| MPS3904 
Output Admittance hoe 1.0 pumhos 
(i¢ = 1.0 mAdc, VcgE = 10 Vde, f = 1.0 kHz) 


Noise Figure 
(ic = 100 wAdc, VcgE = 5.0 Vdc, Rg = 1.0 kQ, MPS3903 
f = 10 Hz to 15.7 kHz) MPS3904 


SWITCHING CHARACTERISTICS 


Delay Time (Vcc = 3.0 Vdc, VBE(off) = 0.5 Vdc, 


Ic = 10 mAdc, Ip = 1.0 mAdc) 


. _ MPS3903 
(Vcc = 3.0 Vde, Ic = 10 mAdc, MPS3904 
Ip1 = Ip2 = 1.0 mAdc) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 


- EQUIVALENT SWITCHING TIME TEST CIRCUITS 


FIGURE 1 — TURN-ON TIME FIGURE 2 — TURN-OFF TIME 
300 ns—m +3.0V -_ 10<t, <500us oj tl be ee 
Duty Cycle = 2% re AOS, Duty Cycle = 2% +10.9 V See 
10k 
>—w— 
-0.5 V i ae O 
| 4 Re A 0pe* 
<1.0 ns ae : Rane ne 
PSION Seeder WOE = ja 
*Total shunt capacitance of test jig and connectors 
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FIGURE 4 — NOISE CURRENT 


5.0 Vdc, Ta = 25°C) 


TYPICAL NOISE CHARACTERISTICS 
(VCE 


FIGURE 3 — NOISE VOLTAGE 


MPS3903, MPS3904 
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FIGURE 5 — NARROW BAND, 100 Hz 
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SMALL-SIGNAL DEVICES 


MPS3903, MPS3904 


TYPICAL STATIC CHARACTERISTICS 


FIGURE 8 — DC CURRENT =OIN 
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FIGURE 9 — COLLECTOR SATURATION REGION 
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FIGURE 10 — COLLECTOR CHARACTERISTICS 
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FIGURE 12 — TEMPERATURE COEFFICIENTS 
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MPS3903, MPS3904 


TYPICAL DYNAMIC CHARACTERISTICS 


FIGURE 13 — TURN-ON TIME 
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FIGURE 15 — CURRENT-GAIN — BANDWIDTH PRODUCT 
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FIGURE 17 — INPUT IMPEDANCE 


Vee = 10 Vde 
f = 1.0 kHz 


10 SA a ED SS TA= 25°C H 
70 tl Eon a “a OB MPS3904 Pe 
= nn ee i SS ae 


PTT NET PI_bite_ © 200 @ Ic = 1.0 mA 74 
Bees Ie occ eee eas 
aa nee TTT 


ie ty ait @lc=1.0mA nik uy TU 
Be a 


tot TAS 
Cs ON Ss 0 

aac: ORE (Get 2 aS he 

fat GY LS ROOT = MC 
tt tot +4 Sane 
RTs 1 hee i ee ee 


=e 
= 
me 
FHSS 
SP se oe tN a EN 


02 SPECTER 


0.1 1.0 2.0 10 
Ic, COLLECTOR SUAHEWE (mA) 


til 
50 


SMALL-SIGNAL DEVICES 


50 70 100 


50 


2-131 


FIGURE 14 — TURN-OFF TIME 
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FIGURE 16 — CAPACITANCE 
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FIGURE 18 — OUTPUT ADMITTANCE 
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FIGURE 19 — THERMAL RESPONSE 
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0.01 0.02 0.05 0.2 05 10 20 1020 50 100 200 500 10k 20k 50k 10k 20k 50k 100k 
t, TIME (ms) 
FIGURE 19A DESIGN NOTE: USE OF THERMAL RESPONSE DATA 
-———~J ++} A train of periodical power pulses can be represented 
~ 103 5a Bae ee ee ee | by the model as shown in Figure 19A. Using the model and 
= er eo the device thermal response the normalized effective 
= 102 eee Goeee comer emer (CE ceo transient thermal resistance of Figure 19 was calculated 
| a ee a a ss for various duty cycles. 
| ae en ee ea To find Z@jA(t), multiply the value obtained from 
S " a a Figure 19 by the steady state value Rg JA. 
Sg ee ee Example: 
2 ae ee ee The MPS3903 is dissipating 2.0 watts peak under the 
! ee ae following conditions: 
3 uu ie ee oe t1 = 1.0 ms, t2 = 5.0 ms. (D = 0.2) 
As —— Using Figure 19 at a pulse width of 1.0 ms and D = 0.2, 
| ‘ : . 
| 49-2020 +20» +40.—« +6080 +100:«+120 «+140 ~«+160 the reading of r(t) is 0.22. 
| Ty, JUNCTION TEMPERATURE (°C) The peak rise in junction temperature is therefore 
AT = r(t) x P(pk) x Raya = 0.22 x 2.0 x 200 = 88°C. 
For more information, see AN-569. 
FIGURE 20 
400 = 
TT SSS 
dm 00S 
2m ER ae SS. a The safe operating area curves indicate Ic-VcE limits 
| = any eed ~ SG 1.0s Re of the transistor that must be observed for reliable oper- 
20 an ib = ation. Collector load lines for specific circuits must fall 
cc 60 +} a below the limits indicated by the applicable curve. 
B 4g 7 ry de a The data of Figure 20 is based upon TJ(pk) = 150°C; 
2 7 I - ho Tc or Tag is variable depending upon conditions. Pulse 
99 = : = cee ee curves are valid for duty cycles to 10% provided TJ(pk) < 
5 ee a 150°C. TJ(pk) May be calculated from the data in Figure 
3 10 oe heraee wie os 19. At high case or ambient temperatures, thermal limi- 
se ————SECOND BREAKDOWN LIMIT Soa iestnen oevsacats! tations will reduce the power than can be handled to 
EE a values less than the limitations imposed by second break- 
(jee eo ad ~ ‘ y 
20 40 60 80 10 90 40 down. (See AN-415A). 
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MPS3905 
MPS3906 


MAXIMUM RATINGS 


Golecorsmiter Votage ——~—S*dCeg | 
TEmiterSase Voltage ——SS*dtCTVe | 8 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Power Dissipation @Ta = 60C | Pp | 450 | 
‘| Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
Operating and Storage Junction TJ, Tstg | —55 to +150 °C 
Temperature Range 
THERMAL CHARACTERISTICS 


| Characteristic | Symbol __ 
Thermal Resistance, Junction to Case Rejc 
Thermal Resistance, Junction to Ambient RJA 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


GENERAL PURPOSE TRANSISTOR 


PNP SILICON 


Refer to 2N5086 for graphs. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


[Characteristic | Symbol | Min [Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vde 
(I¢ = 1.0 mAdc, Ig = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 10 wAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 10 wAdc, Ic = 0) 

Collector Cutoff Current ICEX nAdc 
(VcE = 30 Vdc, VBE(off) = 3.0 Vdc) 

Base Cutoff Current IBL _ nAdc 
(VcE = 30 Vdc, VBE(off) = 3.0 Vde 


ON CHARACTERISTICS(1) 
DC Current Gain 


(Ic = 0.1 mAdc, VcE = 1.0 Vdc) MPS3905 
MPS3906 
(Ic = 1.0 mAdc, Vcg = 1.0 Vdc) MPS3905 
MPS3906 


(I¢ = 10 mAde, Vcg = 1.0 Vdc) MPS3905 
MPS3906 


(ic = 50 mAdc, VcE = 1.0 Vdc) MPS3905 
MPS3906 


(Ic = 100 mAdc, VcgE = 1.0 Vde) MPS3905 
MPS3906 


Collector-Emitter Saturation Voltage 

(Ic = 10 mAdc, Ig = 1.0 mAdc) 
(I¢ = 50 mAdc, Ip = 5.0 mAdc) 
Base-Emitter Saturation Voltage 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 
(Ic = 50 mAdc, Ig = 5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 


15 
30 a 
_ p= je | 
VBE(sat) _ Vde 
0. 
0.95 


(ic = 10 mAdc, Veg = 20 Vdc, f = 100 MHz) MPS3905 
MPS3906 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MPS3905, MPS3906 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 
| Characteristic 


1 
' 
H 
| 
| 
| 
| 


Output Capacitance 

(VcB = 5.0 Vde, Ie = 0, f = 100 kHz) 
Input Capacitance 

(VBE = 0.5 Vdc, Ic = 0, f = 100 kHz) 


Input Impedance 
(Ic = 1.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) MPS3905 
MPS3906 


Voltage Feedback Ratio 
(ic = 1.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) MPS3905 
MPS3906 


Small-Signal Current Gain | 
(Ic = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) MPS3905 
MPS3906 


Output Admittance . 
(Ic = 1.0 mAdc, VcE = 10 Vde, f = 1.0 kHz) MPS3905 
MPS3906 


Noise Figure 
(Ic = 100 wAdc, VcE = 5.0 Vde, Rg = 1.0 k ohm, MPS3905 
= 10 Hz to 15.7 kHz) MPS3906 


| SWITCHING CHARACTERISTICS 


Delay Time (Vcc = 3.0 Vdc, VBE (off) = 0.5 Vdc 


| Storage Time MPS3905 
| (Vcc = 3.0 Vde, Ic = 10 mAdc, MPS3906 
Fall Time IB1 = Ig2 = 1.0 mAdc) MPS3905 
MPS3906 


(1) Pulse Test: Pulse Width = 300 ys, Duty Cycle = 2.0%. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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‘MPS4248 

| MPS4249 

MAXIMUM RATINGS MPS4250. 
maser] nooo MPS4250A 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 

Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 100°C 
Derate above 100°C 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


TRANSISTOR 


PNP SILICON 


Junction Temperature 
Lead Temperature (10 seconds) 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Pp Characteristic | Symbot | Min | Max | Unit 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage 


V(BR)CES 


(ic = 10 pA) MPS4248 
(Ic = 10 pA) MPS4249 
(ic = 5.0 mA) MPS4250 


(ic = 5.0 mA) MPS4250A 


Collector-Emitter Sustaining Voltage(1) 
(I¢ = 5.0) MPS4248, MPS4250 
(I¢ = 5.0) MPS4249, MPS4250A 


V(BR)CEO(sus) 
Collector-Base Breakdown Voltage 
(I¢ = 10 pA) MPS4248, MPS4250 


V(BR)CBO Vde 
40 
(I¢ = 10 pA) MPS4249, MPS4250A 60 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(le = 10 pA) 


Collector Cutoff Current ICBO nA 
(VcB = 40 V) MPS4248, MPS4249, MPS4250A 
(VcB = 50 V) MPS4250 
(VcB = 40 V, Ta = 65°C) MPS4248,49,50 


Emitter Cutoff Current nA 
(VBE = 3.0 V) 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 100 pA, VceE = 5.0 V) MPS4248 
(Ic = 100 nA, VcE = 5.0 V) MPS4249 


(i¢ = 100 pA, VcE = 5.0 V) MPS4250,A 
(ic = 1.0 mA, VcE = 5.0 V) MPS4248 
(I¢ = 1.0 mA, VcE = 5.0 V) MPS4249 
(ic = 1.0 MA, VcE = 5.0 V) MPS4250 
(ic = 10 mA, VcE = 5.0 V) MPS4248 
(Ic = 10 mA, VcE = 5.0 V) MPS4249 


(I¢ = 10 mA, VcE = 5.0 V) MPS4250 
Collector-Emitter Saturation Voltage(1) VCE(sat) Vde 

(Ic = 10 mA, Ip = 0.5 mA) . 
Base-Emitter Saturation Voltage(1) VBE(sat) Vdc 

(Ic = 10 mA, Ig = 0.5 mA) 


| SMALL-SIGNAL CHARACTERISTICS 
Output Capacitance Cobo 
(Vcp = 5.0 V, f = 1.0 MHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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: _ ELECTRICAL CHARACTERISTIC 


Input Capacitance 
(VBE = 0.5 V, f = 1.0 MHz) 
Small-Signal Current Gain | 
| (I¢ = 1.0 mA, VcE = 5.0 
(Ic = 1.0 mA, VcE = 5.0 


MPS4248, MPS4249, MPS4250, MPS4250A 


S (continued) (Ta = 25°C unless otherwise noted.) 
‘Characteristic 


.O kHz) MPS4248 
.0 kHz) MPS4249 


—- =“ “hh <p 


io wel 


1 
1 
1.0 kHz) MPS4250,A 
2 


V, 
V, 
(Ic = 1.0 mA, VcE = 5.0 V, 
V, 0 MHz) MPS4248,49,50 


(Ic = 0.5 mA, VcE = 5.0 


Noise Figure 

(I¢ = 20 uA, VcE = 5.0 V, Rg = 10 KO, 
f = 1.0 kHz, Pgw = 150 Hz) 

(Ic = 20 vA, VcE = 5.0 V, Rg = 10 KQ, . 
f = 1.0 kHz, Paw = 150 Hz) MPS4249 
(ic = 250 pA, Vcg = 5.0 V, Rg = 1.0 KO, 
f = 1.0 kHz, Paw = 150 Hz) 

(Ic = 250 vA, Vce = 5.0 V, Rg = 1.0 KO, 
f = 1.0 kHz, Ppw = 150 Hz) MPS4249 


(1) Pulse Test: Pulse Width = 300 ys, Duty Cycle = 2.0%. 


MPS4248,50,A 


MPS4248,50,A 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MPS4257 
MPS4258 


MAXIMUM RATINGS 


| Collector-Emitter Voltage | “ceo | 60 | 12 | Vdc 
|Emitter-Base Voltage | Vepo | 458 | (Vdc 
Collector Current — Continuous | tc | 8 | 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C mWw°c 
Total Device Dissipation @ Tc = 25°C 1.5 Watts 
Derate above 25°C 12 mWw/°C 


Operating and Storage Junction TJ, Tstg —55 to +150 °C 
Temperature Range 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


= Me 


THERMAL CHARACTERISTICS SWITCHING TRANSISTORS 


| Characteristic | Symbol _ 
| Rec _| 


PNP SILICON 


Thermal Resistance, Junction to Case R@Jc 


Thermal Resistance, Junction to Ambient R@JA 


Refer to MPS3640 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


po haracteristic | Symbot | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(ic = 100 pAdc, Vee = 0) MPS4257 
MPS4258 


V(BR)CES Vde 
6.0 
12 
=“ pe f - | 
(Ic = 100 pAde, Ie = 0) MPS4257 


V(BR)CBO Vde 
MPS4258 
Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 100 wAdc, Ic = 0) 


Vdc 
Collector Cutoff Current pAdc 
hFE 
120 
oa p= fw | 
VBE(sat) Vdc 
0.75 


Collector-Emitter Sustaining Voltage(1) 
(ic = 3.0 mAdc, Ip = 0) MPS4257 
MPS4258 


Collector-Base Breakdown Voltage 


(VcE = 3.0 Vdc, VgE = 0) MPS4257 
(VcE = 3.0 Vdc, Veg = 0, Ta = +65°C) MPS4257 
(VCE = 6.0 Vdc, Vee = 0) MPS4258 


(VcE = 6.0 Vdc, Vee = 0, Ta = +65°C) MPS4258 


ON CHARACTERISTICS(1) 


DC Current Gain 
(Ic = 1.0 mAdc, Vcg = 0.5 Vdc) 
(I¢ = 10 mAdc, VcE = 3.0 Vdc) 
(I¢ = 50 mAdc, Vcg = 1.0 Vdc) 


Collector-Emitter Saturation Voltage 

(I¢ = 10 mAdc, Ig = 1.0 mAdc) 
(I¢ = 50 mAdc, Ip = 5.0 mAdc) 
Base-Emitter Saturation Voitage 
(I¢ = 10 mAdc, Ig = 1.0 mAdc) 
(Ic = 50 mAdc, Ip = 5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) : 
(I¢ = 10 mAdc, Vcg = 5.0 Vde, f = 100 MHz) MPS4257 
(I¢ = 10 mAdc, Vege = 10 Vdc, f = 100 MHz) MPS4258 


Input Capacitance 
(VBE = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 


Collector-Base Capacitance 
(Vcp = 5.0 Vdc, IE = 0, f = 1.0 MHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 
| — _ Characteristic 


SWITCHING CHARACTERISTICS 


(Voc = 1.5 Vde, 
V =f 
Delay T BE(off) = Y 
olga Aye ne EN 


Rise Time 


Turn-Off Time MPS4257 
(Vcc = 1.5 Vde, MPS4258 


Storage Time Ic = 10 mAdc, MPS4257 
| Ip1 = IB2 = 1.0 mAdc) . MPS4258 


Fall Time 


| Storage Time 
I (I¢ =~ 10 mAdc, Igy ~ 10 mAdc, Ip2 ~ 10 mAdc) MPS4257 
| MPS4258 


(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 
(2) ft is defined as the frequency at which |h¢e| extrapolates to unity. 


FIGURE 1 — SWITCHING TIME TEST CIRCUIT 


V 
out Vin | Ves | Vcc | Rl R2 | R3 ic | tpi | ip2 
0.1 uF ea Volts | Volts | Volts | Ohms | Ohms | Ohms | mA mA mA 
Vin ay ton | -5.8 | GND | -1.5 | 130 [ 22k | 5k | 1 [| 10 | - | 
Zin = 50 2 toft_ [| +98 [ -8.0 | -1.5 | 130 | 22k [ 5k | 10 | 10 | 10 | 
tr<1.0 ns 502 | ts [ +90 | -10 [ -30 | 270 | 510 [ 390 { 10 { 10 {| 10 | 
tw = 240 ns 
MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
: 
j 
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MAXIMUM RATINGS MPS4274 
MPS4275 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


THERMAL CHARACTERISTICS 


Characteristic | Symbol 
Thermal Resistance, Junction to Case ReJc 
Thermal Resistance, Junction to Ambient RJA 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


SWITCHING TRANSISTOR 


NPN SILICON 


Refer to MPS2369 for graphs. 


Characteristic | Symbot_ [| min [| Max | unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) . 
(Ic = 10 mAdc, Ip = 0) ~MPS4274 
MPS4275 


_ a |-|*. 
— eg |-|*. 
(ic = 10 wAde, IE = 0) MPS4274 


V(BR)CBO Vde 
30 
MPS4275 40 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 10 pAde, Ic = 0) 
Collector Cutoff Current ICBO pAdc 
(VcB = 20 Vdc, Ie = 0, Ta = 65°C) 
Collector Cutoff Current ICES nAdc 
(VcE = 20 Vdc, Veg = 0) 


ON CHARACTERISTICS 


DC Current Gain (Ic = 10 mAdc, Vcg = 1.0 Vdc) 
(I¢ = 30 mAdc, VcgE =. 0.4 Vdc) 
(I¢ = 100 mAdc, VcE = 1.0 Vdc) 


Collector-Emitter Saturation Voltage (lc = 10 mAdc, Ip = 1.0 mAdc). VCE(sat) 
(Ic = 10 mAdc, lp = 3.3 mAdc) 
(I¢ = 30 mAdc, Ip = 3.0 mAdc) 
(i¢ = 100 mAdc, Ip = 10 mAdc) 


Base-Emitter Saturation Voltage (Ic = 10 mAdc, Ip = 1.0 mAdc) VBE(sat) 
(i¢ = 10 mAdgc, Ip = 3.3 mAdc) 
(I¢ = 30 mAdc, Ig = 3.0 mAdc) 
(I¢ = 100 mAdc, Ip = 10 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Collector-Base Capacitance (Vcp = 5.0 Vdc, f = 1.0 MHz) | Ch = 6[| — | 400 [lop 
Small Signal Current Gain (I¢ = 10 mAdc, Vcg = 10 Vdc, f = 100 MHz) ee ee ee ee 


SWITCHING CHARACTERISTICS 


Charge Storage Time (Ic = Ip1 = !g2 = 10 mAdc, Voc = 10 Vde) (ae eee ieee ee 


Collector-Emitter Breakdown Voltage 
(I¢ = 10 pAdc, Veg = 0) MPS4274 
MPS4275 


Collector-Base Breakdown Voltage 


Turn-On Time (Ic = 10 mAdc, Ipi = 3.3 mAdc, Vcc = 3.0 Vdc) en eee ee ee ee 
Turn-Off Time (Ic = 10 mAde, Ip1 = Ig2 = 3.3 mAdc, Vcc = 3.0 Vdc) a ee eee ee 


(1) Pulse Test: Pulse Width < 300 uwSec, Duty Cycle < 2.0%. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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Se 


MPS5133 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Rating 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C Watt 
Derate above 25°C 
Operating and Storage Junction TJ, Tstg | -—55 to +150 °C 
Temperature Range 


Lead Temperature (10 seconds) a ee 


TRANSISTOR 


NPN SILICON 


Refer to MPS3903 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | Max | Unit 
OFF CHARACTERISTICS | 


Collector-Emitter Sustaining Voltage(1) V(BR)CEO(sus) Vdc 
(Ic = 3.0 mA) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 100 A) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(le = 10 uA) 

Collector Cutoff Current ICBO 
(VcB = 15 V) nA 
(VcB = 15 V, Ta = 65°C) pA 

Emitter Cutoff Current nA 
(VBE = 2.0 V) 


ON CHARACTERISTICS 


DC-Current Gain hrE 
(ic = 1.0 mA, VcgE = 5.0 V) 
Collector-Emitter Saturation Voltage VCE(sat) Vde 
(I¢ = 1.0 mA, Ip = 0.1 mA) 
Base-Emitter On Voltage VBE(on) 0.75 Vdc 
(Ic = 100 vA, VcE = 5.0 V) . 


SMALL-SIGNAL CHARACTERISTICS 


Collector-Base Capacitance 
(Vcp = 5.0 V) 


Smali-Signal Current Gain 
(i¢ = 1.0 mA, Vcg = 5.0 V, f = 1.0 kHz) 
(Ic = 1.0 mA, VcE = 5.0 V, f = 20 MHz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 1.0%. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MPS5138 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Emitter-Base Voltage 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


TRANSISTOR 


PNP SILICON 


Function Temperature SCT Sy TCC 
Lead Temperature (10 seconds) TL 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


po haracteristic | Symbot | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage(1) V(BR)CEO(sus) Vde 
(I¢ = 10 mA) 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 100 nA) 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 100 pA) 


Collector Cutoff Current 
(VcB = 20 V) 
(VcB = 20 V, Ta = 65°C) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 100 vA, VcE = 10 V) 
(i¢ = 1.0 mA, VcgE = 10 V) 
(I¢ = 10 mA, Vcg = 10 V)(1) 


Collector-Emitter Saturation Voltage(1) VCE(sat) Vdc 
(I¢ = 10 mA, Ip = 0.5 mA) 
Base-Emitter Saturation Voltage(1) VBE(sat) Vde 
(Ic = 10 mA, Ig = 0.5 mA) 
Base-Emitter On Voltage(1) VBE(on) Vdc 
(I¢ = 10 mA, VcE = 10 V) 
SMALL-SIGNAL CHARACTERISTICS 


Collector-Base Capacitance 
(VcB = 5.0 V, f = 1.0 MHz) 


Emitter-Base Capacitance 


(VBE = 0.5 V, f = 1.0 MHz) 


Small-Signal Current Gain 
(Ic = 0.5 mA, VcgE = 5.0 V, f = 20 MHz) 
(Ic = 1.0 mA, VcE = 10 V, f = 1.0 kHz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 1.0%. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MPS5139 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 
Rating 
Collector-Emitter Voltage 


Collector-Base Voltage VcBO | 20 
Emitter-Base Voltage VEBO | BO 
Collector Current — Continuous | tic =| 00 | mA 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
SWITCHING TRANSISTOR Total Device Dissipation @ Tc = 25°C 


PNP SILICON 


Derate above 25°C 


Operating and Storage Junction TJ, Tstg | —55 to +150 °C 
Temperature Range 
Lead Temperature (10 seconds) | om | 0 |e 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CES Vde 
(I¢ = 100 A) 

Collector-Emitter Sustaining Voltage VCEO(sus) Vdc 
(I¢ = 10 mA)(1) 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(I¢ = 100 yA) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(le = 100 4A) 


Collector Cutoff Current 
(VcE = 15 Vdc) ; nA 
(VcE = 15 Vdc, Ta = 65°C) pA 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 100 wA, VcE = 10 Vdc) 
(I¢ = 1.0 mA, Vez = 10 Vdc) 
(i¢ = 10 mA, VcgE = 1.0 Vde)(1) 
(Ic = 50 mA, VcE = 10 Vdc)(1) 
Collector-Emitter Saturation Voltage VCE(sat) 
(ic = 1.0 mA, Ip = 0.1 mA)(1) 
(I¢ = 10 mA, Ip = 1.0 mA)(1) 
(Ic = 50 mA, Ig = 5.0 mA)(1) 
Base-Emitter Saturation Voltage VBE(sat) 
(I¢ = 10 mA, Ip = 1.0 mA)(1) 
(I¢ = 50 mA, Ip = 5.0 mA)(1) 


SMALL-SIGNAL CHARACTERISTICS 


Collector-Base Capacitance 
(VcB = 10 Vde, f = 1.0 MHz) 


Emitter-Base Capacitance 
(VBE = 0.5 Vdc, f = 1.0 MHz) 


Current Gain — High Frequency 
(I¢ = 10 mA, VcE = 20 Vdc, f = 100 MHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(ic = 50 mA, Igy = 5.0 mA) 


Turn-Off Time 
(ic ~ 50 mA, Ip7 ~ 5.0 mA, Ip2 ~ —5.0 mA) 


(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 1.0%. 
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MPS5172 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


. Total Device Dissipation @ Ta = 25°C 
Derate above 25°C ' 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS AMPLIFIER TRANSISTOR 


NPN SILICON 


Characteristic 


Thermal Resistance, Junction to Case 
Thermal Resistance, Junction to Ambient | Rea | 200 =| cw | 


Refer to MPS3903 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


| Characteristic | Symbot_ | min | Typ [| Mex | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 25 Vdc 
(I¢ = 10 mAdc, lB = 0) . 


Collector Cutoff Current ICBO 
(VcB = 25 Vdc, IE = 0) 100 nAdc 
(VcB = 25 Vdc, Ie = 0, Ta = 100°C) 10 pAdc 
Collector Cutoff Current ICES nAdc 
(VcE = 25 Vdc, Vee = 0) 
Emitter Cutoff Current nAdc 
(VBE = 5.0 Vdc, Ic = 0) : 
ON CHARACTERISTICS 
DC Current Gain(1) hee 
(l¢ = 10 mAdc, VcgE = 10 Vdc) 
Collector-Emitter Saturation Voltage VCE(sat) Vde 
(I¢ = 10 mAdc, Ig = 1.0 mAdc) . 
Base-Emitter Saturation Voltage VBE(sat) 0.75 Vdc 
(I¢ = 10 mAde, Ip = 1.0 mAdc) 
Base-Emitter On Voltage VBE(on) —. 1.2 - Vdc 
(I¢ = 10 mAdc, Vcf£ = 10 Vdc) . 


SMALL-SIGNAL CHARACTERISTICS 


_Current-Gain — Bandwidth Product 
(I¢ = 2.0 mAdc, Vcg = 5.0 Vdc) 


Collector-Base Capacitance 


(VcB = 0, IE = 0, f = 1.0 MHz) 


Small-Signal Current Gain 
(I¢ = 10 mAdc, VcgE = 10 Vde, f = 1.0 kHz) 


(1) Pulse Test: Pulse Width =< 300 us, Duty Cycle < 2.0%. 
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MPS5179 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Rating 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C , 


Total Device Dissipation @ Tc = 25°C 300 mW 
Derate above 25°C 1.71 mW/°C 
Storage Temperature Range —55 to +150 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit 
OFF CHARACTERISTICS 
Collector-Emitter Sustaining Voltage 


| | VCEO(sus) Vde 
: (I¢ = 3.0 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage . V(BR)CBO Vdc 
(I¢ = 0.001 mAdc, Ig = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 0.01 mAdc, Ic = 0) 
Collector Cutoff Current 


(Vcp = 15 Vdc, Ie = 0) 
(Vcp = 15 Vdc, Ig = 0, Ta = 150°C) 


ON CHARACTERISTICS 


DC Current Gain hFE 
(Ic = 3.0 mAdc, VcE = 1.0 Vdc) . 

Collector-Emitter Saturation Voltage VCE(sat) Vde 
(I¢ = 10 mAdc, Ig = 1.0 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) Vde 
(I¢ = 10 mAdc, Ig = 1.0 mAdc) 


: SMALL-SIGNAL CHARACTERISTICS | 


Current-Gain — Bandwidth Product(1) 
(Ic = 5.0 mAdc, VcgE = 6.0 Vdc, f = 100 MHz) 


-| Collector-Base Capacitance 
(VcB = 10 Vdc, Ig = 0, f = 0.1 to 1.0 MHz) 
Small Signal Current Gain 
(I¢ = 2.0 mAdc, VcE = 6.0 Vdc, f = 1.0 kHz) 


Collector Base Time Constant 
(ig = 2.0 mAdc, Vcg = 6.0 Vdc, f = 31.9 MHz) 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


Noise Figure (See Figure 1) 
(Ic = 1.5 mAdc, Vcg = 6.0 Vdc, Rg = 50 ohms, f = 200 MHz) — 


Common-Emitter Amplifier Power Gain (See Figure 1) 
(VcE = 6.0 Vdc, Ic = 5.0 mAdc, f = 200 MHz) 


(1) ft is defined as the frequency at which |h¢gl extrapolates to unity. 
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FIGURE 1 — 200 MHz AMPLIFIER POWER GAIN 
AND NOISE FIGURE CIRCUIT 


TYPE 
1N3195 
TYPE ie. . 
1N3195 = iL 
OC io 1 4B ry ee 
COMMON Ti 7 LOAD . 
= let 10-505R | a> 
FROM 509 ~ 91 o | [EXTERNAL T Nez 
SOURCE 0.02 uF U1 1 SHIELD ane to 
a L2 C6 
Cin C2 » ON uF = = 
= 30-354 20-10 
> = | RFC 
10k 1 0.001 uF 1.0 uH 
~VEE nV ; OL) +Vec 
[em 0.1 uF AR ‘Tio 
L1 1-3/4 Turns, #18 AWG, 0.5” L, 0.5” Diameter 
L2 2 Turns, #16 AWG, 0.5” L, 0.5’ Diameter 
L3 2 Turns, #13 AWG, 0.25” L, 0.5” Diameter (Position 1/4” from L2) 
SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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__ MAXIMUM RATINGS 
| Rating | Symbol | Value | Unit 
Collector-Emitter Voltage wor VCEO } 20] de 


Collector-Base Voltage VcCBO 


Vd 
Emitter-Base Voltage o- VEBO Vd 
Ic 


Collector Current — Continuous mAdc 


Cc 
| 30 | Vdc 
Total Device Dissipation @ Ta = 25°C mW 
Derate above 25°C mW/°C 


MPS6507 


CASE 29-02, STYLE 2 
TO-92 (TO-226AA) 


Total Device Dissipation @ Tc = 25°C Watt 
Derate above 25°C mw/°C 


Operating and Storage Junction TJ, Tstg | —55 to +150 °C 
Temperature Range 
THERMAL CHARACTERISTICS 


| Characteristic | Symbol | Max | Unit_| 
Thermal Resistance, Junction to Case Re@Jc | 3.3 | ecw CO 


AMPLIFIER TRANSISTOR 


NPN SILICON 


Thermal Resistance, Junction to Ambient RgJA(t) 


(1) Raa is measured with the device soldered into:a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 7 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO Vde 
(I¢ = 1.0 mAdc, Ig = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vde 
(I¢ = 100 wAdc, Ie = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 100 wAde, Ic = 0) 
Collector Cutoff Current 


(VcB = 15 Vde, Ip = 
(Vcp = 15 Vde, IE 


ON CHARACTERISTICS 


‘DC Current Gain(2) hFE 75 
(I¢ = 2.0 mAdc, VcgE = 10 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(i¢ = 10 mAdc, VcgE = 10 Vde, f = 100 MHz) 


Output Capacitance 


OFF CHARACTERISTICS 


) 


= =0 
= = 0, Ta = 60°C) 


(Vcp = 10 Vdc, Ie = 0, f = 100 kHz) 


Small-Signal Current Gain 
(Ic = 2.0 mAdc, Vcge = 10 Vdc, f = 44 MHz) 


(2) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 
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MAXIMUM RATINGS MPS651 1 
eT 
[colectoremiter Voltage ——~—~S*dCCVces | aide 

[100 


CASE 29-02, STYLE 2 
TO-92 (TO-226AA) 


Emitter-Base Voltage VEBO 
Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C mW 
Derate above 25°C mW/°C 
Total Device Dissipation @ Tc = 25°C 1.5 Watt 
Derate above 25°C 12.0 mW/°C 
Operating and Storage Junction Tj, Tstg | —55 to +150 °C 
Temperature Range 
THERMAL CHARACTERISTICS AMPLIFIER TRANSISTOR 
| Characteristic =| Symbol | = Max | Unit _| 


Thermal Resistance, Junction to Case Re@Jc | 83.3] ecw Cd 
Thermal Resistance, Junction to Ambient ReJA() | 200 | cw CO 


(1) RejA is measured with the device soldered into a typical printed circuit board. 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted.) 


| Characteristic | Symbot_ | min | typ | Mex [Unit 


OFF CHARACTERISTICS 


| Collector-Emitter Breakdown Voltage(2) V(BR)CEO Vde 
(Ic = 0.5 mAdc, Ip = 0) 
Collector-Emitter Breakdown Voltage(2) V(BR)CES Vdc 
(Ic = 100 wAdc, Veg = 0) 
| Collector Cutoff Current ICBO nAdc 
(VcB = 15 Vdc, IE = 0) 


ON CHARACTERISTICS 


DC Current Gain(2) hFE 75 
(I¢ = 10 mAdc, Vcg = 10 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance Cobo 
(VcB = 10 Vdc, Iz = 0, f = 100 kHz) 


FUNCTIONAL TEST 


Amplifier Power Gain 
(I¢ = 10 mAdc, Vcg = 12 Vde, f = 45 MHz) 


(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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NPN 
MPS6512 
thru MPS6515 


PNP 
MPS6516 


thru MPS6519 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 
Refer to 2N4125 for graphs. 


MPS6519 
Total Device Dissipation @ Ta = 25°C 
Derate above 25°C ure 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 
(VcB = 20 Vdc, IE = 0) MPS6519 0.05 


MAXIMUM RATINGS 
Collector-Base Voltage 
Total Device Dissipation @ Tc = 25°C 5 Watts 
Derate above 25°C He mWw/°C 
OFF CHARACTERISTICS 
ON CHARACTERISTICS 


|Rating | Symbol | NPN | PNP | Unit 
Collector-Emitter Voltage VcEO Ba 
MPS6512 thru MPS6515 
MPS6516 thru MPS6518 
Operating and Storage Junction TJ, Tstg —55 to +150 ie 0 
Temperature Range 
THERMAL CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(I¢ = 0.5 mAdc, Ip = 0) MPS6512, MPS6513 
MPS6514, MPS6515 
(I¢ = 0.5 mAdc, Ip = 0) MPS6516 thru MPS6518 
MPS6519 
Emitter-Base Breakdown Voltage (IE = 10 “Adc, ic = 0) V(BR)EBO 4.0 _ MVde 
(iE = 10 Adc, Ic = 0) 4.0 
DC Current Gain 
(I¢ = 2.0 mAdc, VcE = 10 Vdc) MPS6512 


MPS6512, MPS6513 
MPS6514, MPS6515 
MPS6516 thru MPS6518 
VcBO Vde 
MPS6519 
Emitter-Base Voltage VeB0 Mao | 48 I Ae ie 
Collector Current — Continuous | 100 | 100 | mAde | 
| Characteristic | Symbol | Max | Unit _| 
Thermal Resistance, Junction to Case ReJc | 33 | ecw 
Thermal Resistance, Junction to Ambient | Raa | 200 =| °cw | 
Collector Cutoff Current pAdc 
(VcB = 30 Vdc, IE = 0.05 
(VcB = 30 Vdc, IE = MPS6516 thru MPS6518 0.05 
MPS6513 
MPS6514 
MPS6515 


(I¢ = 100 mAdc, VcE = 10 Vdc)(1) MPS6512 
MPS6513 
MPS6514 
MPS6515 


(i¢ = 2.0 mAdc, VcE = 10 Vdc) MPS6516 
MPS6517 
MPS6518 
MPS6519 


(Ic = 100 mAdc, VcE = 10 Vde)(1) MPS6516 
MPS6517 
MPS6518 
MPS6519 


Collector-Emitter Saturation Voltage (Ic = 50 mAdc, Ip = 5.0 mAdc) 
(Ic = 50 mAdc, Ip = 5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


4 (1) Pulse Test: Pulse Width < 300 us, =a aoe 2.0%. 
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MAXIMUM RATINGS 


NPN 
MPS6520 
MPS6521 


Collector-Emitter Voltage 
MPS6520, MPS6521 
MPS6522, MPS6523 


Collector-Base Voltage 
MPS6520, MPS6521 
MPS6522, MPS6523 


PNP 
VEBO 

| Veso | 40 | Ve MPS6522 
MPS6523 


Collector Current — Continuous | ic | 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ eee | = 25°C 
Derate above eee | 


Operating and Storage Junction 
UU Range 
THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Ambient R@JA 
(Printed Circuit Board Mounting) 


Thermal Resistance, Junction to Case Rec eee Se 


CASE 29-02, STYLE 1 
TO-92.(TO-226AA) 


AMPLIFIER TRANSISTOR 
Refer to MPS3903 for NPN graphs.* 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(ic = 0.5 mAdc, Ip = 0) 
(Ic = 0.5 mAdc, Ip = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 pAdc, Ic = 0) 
(IE = 10 pAdce, Ic = 0) 

Collector Cutoff Current ICBO 
(VcB = 30 Vdc, Ig = 0) 
(VcB = 20 Vdc, IE = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 100 wAdc, VcE = 10 Vdc) MPS6520 
MPS6521 


(Ic = 2.0 mAdc, VcE = 10 Vdc) MPS6520 
MPS6521 


(I¢ = 100 wAdc, Vce = 10 Vdc) MPS6522 
MPS6523 


(Ic = 2.0 mAde, Vcg = 10 Vde) MPS6522 
MPS6523 


Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 50 mAdc, Ig = 5.0 mAdc) 
(I¢ = 50 mAdc, Ip = 5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcp = 10 Vde, IE 100 kHz) 
(VcB = 10 Vdc, IE 100 kHz) 


Noise Figure 
(Ic = 10 wAdc, Vcg = 5.0 Vdc, Rg = 10 kohms, 

_ Power Bandwidth = 15.7 kHz, 3.0 dB points @ 10 Hz and 10 kHz) 
(Ic = 10 wAdc, VceE = 5.0 Vdc, Rg = 10 kohms, 
Power Bandwidth = 15.7 kHz, 3.0 dB points @ 10 Hz and 10 kHz) 


*Refer to 2N5086 for PNP graphs. 
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MPS6530 
thru 
MPS6532 


MAXIMUM RATINGS 


Collector-Emitter Voltage 
MPS6530, MPS6531 
MPS6532 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Collector-Base Voltage 
MPS6530, MPS6531 


MPS6532 


Emitter-Base Voltage = Se 
Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
[Junction Temperature | Ty Tstg | 150 | oC 
AMPLIFIER TRANSISTOR THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Ambient | Raa | 02 | °Cimw | 


Refer to 2N4400 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit _| 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(Ic = 10 mAdc, Ip = 0) | MPS6530, MPS6531 
MPS6532 


Collector-Base Breakdown Voltage . V(BR)CBO 
(Ic = 10 pAdc, IE = 0) MPS6530, MPS6531 
MPS6532 


Emitter-Base Breakdown Voltage V(BR)EBO 
(IRB = 10 pAdsc, Ic = 0) All Types 
(Ig = 10 wAdc, Ic = 0) All Types | 
Collector Cutoff Current ICBO 


(Vcp = 40 Vde, Ig = 0) | MPS6530, MPS6531 
(Vop = 30 Vdc, Ip = 0) MPS6532 


(Vcp = 40 Vdc, Ie = 0, Ta = 60°C) MPS6530, MPS6531 
(Veg = 30 Vdc, Ie = 0, Ta = 60°C) MPS6532 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 10 mAdc, Vcge = 1.0 Vde) MPS6530 
. MPS6531 


(i¢ = 100 mAdc, VcE = 1.0 Vdc) MPS6530 
MPS6531 
MPS6532 


(Ic = 500 mAdc, Vcg = 10 Vdc) MPS6530 
MPS6531 


Collector-Emitter Saturation Voltage VCE(sat) 
(I¢ = 100 mAdc, Ig = 10 mAdc) MPS6530, MPS6532 
MPS6531 


Base-Emitter Saturation Voltage . VBE(sat) 
(I¢ = 100 mAde, IR = 10 mAdc) MPS6530, MPS6531 
MPS6532 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcp = 10 Vdc, le = 0, f = 1.0 MHz) All Types 
(VcB = 10 Vdc, IE = 0, f 0 MHz) All Types 
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MAXIMUM RATINGS 


Collector-Emitter Voltage 
MPS6533, MPS6534 
MPS6535 


Collector-Base Voltage 
MPS6533, MPS6534 
MPS6535 


Collector Current — Continuous ee 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


THERMAL CHARACTERISTICS 


[___Characteritic —————=«|:“Symbol_ 
Thermal Resistance, Junction to Ambient R@JA 


MPS6533 
thru | 
MPS6535 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


PNP SILICON 


Refer to 2N4402 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I¢ = 10 mAdc, Ip = 0) 


Collector-Base Breakdown Voltage 
(I¢ = 10 pAdc, IE = 0) 


Emitter-Base Breakdown Voltage 
(lB = 10 wAdc, Ic = 0) 
(IR = 10 wAdc, Ic = 0) 


Collector Cutoff Current 
(VcB = 30 Vdc, IE = 0) 


(VcB = 30 Vdc, | 
(VcB = 20 Vdc, | 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 10 mAdc, Vege = 1.0 Vdc) 


(Ic = 100 mAdc, Veg = 1.0 Vde) 


(ic = 500 mAdc, Vcg = 10 Vdc) 


Collector-Emitter Saturation Voltage 
(I¢ = 100 mAdc, Ig = 10 mAdc) 


Base-Emitter Saturation Voltage 
(I¢ = 100 mAdc, Ip = 10 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 
Output Capacitance 

(VcB = 10 Vdc, IE 

(VcB = 10 Vdc, Ig 


V(BR)CEO © 
MPS6533, MPS6534 


MPS6535 


V(BR)CBO 
MPS6533, MPS6534 
MPS6535 


V(BR)EBO 
All Types 


All Types 


ICBO 
All Types 


MPS6533, MPS6534 
MPS6535 


MPS6533 
MPS6534 


MPS6533 
MPS6534 
MPS6535 


MPS6533 
MPS6534 


VCE(sat) 
MPS6533, MPS6535 
MPS6534 


VBE(sat) 
MPS6533, MPS6534 
MPS6535 


All Types 


All Types 


SMALL-SIGNAL DEVICES 
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‘MPS6543 


CASE 29-02, STYLE 2 
TO-92 (TO-226AA) 


Collector Current — Continuous 


‘Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


AMPLIFIER TRANSISTOR 


NPN SILICON Thermal Resistance, Junction to Case 


Thermal Resistance, Junction to Ambient R@JA(1) 


(1) RaJA is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO Vdc 
(I¢ = 1.0 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 100 pAdc, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 100 pAde, Ic = 0) 
Collector Cutoff Current | | ICBO pAdc 
(VcB = 25 Vdc, Ie = 0) 
Emitter Cutoff Current pAdc 
(VBE = 2.0 Vdc, Ic = 0) 
ON CHARACTERISTICS 
DC Current Gain(2) hFE 
(I¢ = 4.0 mAdc, VcE = 10 Vdc) 
Collector-Emitter Saturation Voltage | VCE(sat) 350 mVdc 
(I¢ = 10 mAdc, Ig = 1.0 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) 750 mVdc 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 4.0 mAdc, Vcg = 12 Vdc, f = 100 MHz) 


Output Capacitance 


OFF CHARACTERISTICS 


‘(Veg = 10 Vde, Ie = 0, f = 1.0 MHz) 


Collector Base Time Constant 
(IE = 4.0 mAdc, Vcg = 12 Vdc, f = 31.8 MHz) 


(2) Pulse Test: Pulse Width < 300 ps, Duty Cycle <= 2.0%. 
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MPS6544 


CASE 29-02, STYLE 2 
MAXIMUM RATINGS TO-92 (TO-226AA) 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


mW 
°C 
AMPLIFIER TRANSISTOR 


NPN SILICON 


Refer to MPSHZ20 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


po haractoristic | Symbol | in| Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(I¢ = 1.0 mAdc, IE = 0) 

Collector-Base Breakdown Voltage V(BR)CBO _ Vde 
(i¢ = 10 wAdc, Ie = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 10 pAdc, Ic = 0) 

Collector Cutoff Current ICBO pAdc 
(Vcp = 35 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain hre 
(Ic = 30 mAdc, Vcg = 10 Vdc) 

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(I¢ = 30 mAdc, Ip = 3.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Common-Emitter Reverse Transfer Capacitance 
(VcB = 10 Vdc, Ic = 0, f = 100 kHz) 


Output Admittance 


(Ic = 10 mAdec, VcE = 10 Vde, f = 45 MHz) 


Output Voltage 
(Vin(RMS) = 12 mV, f = 45 MHz) 
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MAXIMUM RATINGS 
[Collector-Emitter Voltage | ceo | 25 |e 
| Collector-Base Voltage | cp | 8 
[Emitter-Base Voltage | Vepo | 8.0 
[Collector Current — Continuous | ic | 80 | mA 


Total Device Dissipation @ Ta =.25°C mW 
Derate above 25°C mw/rc 

Total Device Dissipation @ T¢ = 25°C 1.5 Watt 
Derate above 25°C 12.0" mWw/°C 


MPS6547 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR | THERMAL CHARACTERISTICS 

| Characteristic | Symbol_| Max | Unit _| 
| Thermal Resistance, Junctionto Case | Rac | 833 | cw _ 
| Thermal Resistance, Junction to Ambient | Raa(t) | 200 | cw _| 


(1) RgjA is measured with the device soldered into a typical printed circuit board. 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) | 


[Characteristic | Symbol | Min | Typ | Max | Unk 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO Vde 
(Ic = 1.0 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vde 
(I¢ = 10 pAde, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 100 wAde, Ic = 0) . | 
Collector Cutoff Current ICBO nAdc 
(Vcp = 25 Vde, IE = 0) , 
Emitter Cutoff Current pAdc 
(VBE = 2.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain Wee 
(I¢ = 2.0 mAdc, Vcg = 5.0 Vdc) 
Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 
Base-Emitter On Voltage(2) VBE(on) 0.7 Vdc 
(I¢ = 10 mAde, VcfE = 10 Vdc) 
SMALL-SIGNAL CHARACTERISTICS | 


Current-Gain — Bandwidth Product 
(I¢ = 2.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 


Common-Emitter Reverse Transfer Capacitance 


(Vcp = 10 Vdc, Ie = 0, f = 100 kHz) 


Conversion Gain 
(Ic = 4.0 mAdc, VcgE = 10 Vdc, f = 100 MHz to 10.7 MHz) 


(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MPS6547 


56 kHz 
5.6 pF 0.01 wr 

108 MHz 10.7 MHz 

Rs = 502 R, =502 
10 mV 25-280 
=— 1-30 pF pF 

118.7 MHz 
Rs = 502 


15 pF 0.01 uF 
800 mV | 


L1= 3 Turns #20 Wire, 
1/4’ 1.0., Air Wound, 
Base Tapped 1/2 Turn -VEE 
From Ground. 


L2= 37 Turns #28 Wire, 
Wound on 1/4” 1.0. Coil Form. 


Bandwidth © 500 kHz 
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MPS6560 
MPS6562 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Emitter-Base Voltage 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


AUDIO TRANSISTOR 


MPS6560 
NPN SILICON 


THERMAL CHARACTERISTICS 


Characteristic 
Thermal Resistance, Junction to Case 83.3 
Thermal Resistance, Junction to Ambient R@JA(1) | 200 || °Cimw_si 


(1) RejA is measured with the device soldered into a typical printed circuit board. 


MPS6562 
PNP SILICON 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit _| 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO Vdc 
(Ic = 10 mAdc, Ig = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(I¢ = 100 pAde, IE = 0) ; 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 

(IE = 100 wAdc, Ic = 0) 
Collector Cutoff Current ICEO nAdc 
(VcE = 25 Vdc, Ip = 0) 
(I¢ = 100 mAdc, VcE = 1.0 Vdc) 


Collector Cutoff Current 
(VcB = 20 Vdc, IE = 0) 
Emitter Cutoff Current 
(VEB(off) = 4.0 Vdc, Ic = 0) 
ON CHARACTERISTICS(2) 
DC Current Gain hee 
35 
50 
(I¢ = 500 mAdc, VcE = 1.0 Vdc) 50 
Collector-Emitter Saturation Voltage | VCE(sat) Vde 
(I¢ = 500 mAdc, Ip = 50 mAdc) 
Base-Emitter On Voltage VBE(on) Vdc 
(I¢ = 500 mAdc, VcgE = 1.0 Vdc) 
SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product fT 
(Ic = 10 mAdc, VcgE = 10 Vdc, f = 30 MHz) 
Output Capacitance Cobo 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 


(I¢ = 10 mAdc, VcE = 1.0 Vdc) 
(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 


OFF CHARACTERISTICS 
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MPS6565 
MPS6566 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


| Rating | Symbol | Value | Unit 
Collector-Emitter Voltage VCEO | a5 | Vd 
Collector-Base Voltage VcBO | 60s Vdc 


Emitter-Base Voltage VEBO | 40 Vde 


Collector Current — Continuous pic | 200 |_mAde 

Total Device Dissipation @ Ta = 25°C mW 
Derate above 25°C mW/°C 

Operating and Storage Junction Tj, Tstg | —55 to +150 °C 
Temperature Range 


THERMAL CHARACTERISTICS AMPLIFIER TRANSISTOR 


NPN SILICON 


Thermal Resistance, Junction to Case 
Thermal Resistance, Junction to Ambient 


Refer to 2N3903 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


| Characteristic | Symbot | min [| typ | Max | unit _| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(i¢ = 1.0 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 100 Adc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 100 wAde, Ic = 0) 

Collector Cutoff Current ICBO nAdc 
(VcB = 30 Vdc, Ie = 0) 


ON CHARACTERISTICS 
DC Current Gain 


(ic = 10 mAdc, Veg = 10 Vdc) MPS6565 
MPS6566 


Collector-Emitter Saturation Voitage 
(I¢ = 10 mAdc, lp = 1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance Cobo 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 
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MPS6568A 
thru 
MPS6570A 


MAXIMUM RATINGS 


Collector-Emitter Voltage VCEO a 
Collector-Base Voltage VcBO a . 


Vdc 
CASE 29-02, STYLE 2 Emitter-Base Voltage VEBO 
TO-92 (TO-226AA) Collector Current — Continuous Pic | 80 | mae 
Total Device Dissipation @ Ta = 25°C 350 mw 
Derate above 25°C 2.8 mWw/°C 
Total Device Dissipation @ Tc = 25°C 1.0 Watt 
Derate above 25°C 8.0 mWw/°C 


Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 


TJ, Tstg | —55 to +150 


Thermal Resistance, Junction to Case(1) | Rac | 933 | cw | 
Thermal Resistance, Junction to Ambient RJA | 200 | ecw CO” 


(1) RejA is measured with the device soldered into a typical printed circuit board. 


VHF TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Pp Characteristic | Symbot | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I¢ = 1.0 mAdc, Ip = 0) 


Collector-Base Breakdown Voltage 
(I¢ = 100 pAdc, IE = 0) | 


Emitter-Base Breakdown Voltage 
(IE = 100 wAdc, ic = 0) 


Collector Cutoff Current 
(Veg = 10 Vdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 4.0 mAdc, Vcge = 5.0 Vdc) 


Collector-Emitter Saturation Voltage 
(I¢ =-10 mAdc, Ip = 5.0 mAdc) 


Base-Emitter Saturation Voltage 
(I¢ = 10 mAdc, Ig = 5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


| Current-Gain — Bandwidth Product 
(i¢ = 4.0 mAdc, Vce = 10 Vdc, f = 100 MHz) 


Collector-Base Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz, emitter guarded) 


Noise Figure 
(VAGC = 1.4 Vde, Rg = 50 ohms, f = 200 MHz) 
(VAGC = 2.75 Vdc, Rg = 50 ohms, f = 45 MHz) 


FUNCTIONAL TEST 
Amplifier Power Gain 
(VAGC = 1.4 Vdc, Rg = 50 ohms, f = 200 MHz) 
(VAGC = 2.75 Vdc, Rg = 50 ohms, f = 45 MHz) 
Forward AGC Voltage 


(Gain Reduction = 30 dB, R 
(Gain Reduction = 30 dB, R 


50 ohms, 
50 ohms, f = 45 MHz) 


Si= 
S..= 


Nl al le 
lca al oe all 
Kee Mill Ml dl 
i el Maal Beak 


C= T= [=] 


MPS6568A 
MPS6569A, MPS6570A 


MPS6568A/6570A 


MPS6568A 
MPS6569A, MPS6570A 


MPS6568A 
MPS6569A, MPS6570A 


= 200 MHz) MPS6568A 


MPS6569A 
MPS6570A 


MOTOROLA SEMICONDUCTORS 
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MPS6568A thru MPS6507A 


AGC CHARACTERISTICS 
Voc = 12 Vde, Rs = 50 OHMS, SEE FIGURES 9 AND 10 


——{=45MHz —— f= a re 
FIGURE 1 — POWER GAIN : aii meee FIGURE 2 — NOISE FIGURE 


g g 
= rz) 
S fake, 
= at 
E : 
af = 
0 1.0 2.0 3.0 40 5.0 6.0 ; 
VAGC, AUTOMATIC GAIN CONTROL VOLTAGE (VOLTS) VaGC, AUTOMATIC GAIN CONTROL VOLTAGE (VOLTS) 
FIGURE 3 — 200 MHz FUNCTIONAL TEST CIRCUIT FIGURE 4 — 45 MHz FUNCTIONAL TEST CIRCUIT 
(NEUTRALIZED) (UNNEUTRALIZED) 
Vacc Vec = 12V Vacc : Veo = 12 
2.2 kQ 2700 7 2702 
YW RF BEADS W 
1000 pF 
500 He 502 
OUTPUT T; = OUTPUT 
820 pF 
RF BEADS é 
aT 0.7-10 pF 
INPUT 
820 pF \ 
1000 pF 
390 Q 
YW 
T, = FERRITE CORE INDIANA GEN. CORP. F-684 | T, = TOROID 4:1 RATIO \ 499 w 
T, = 6 TURNS #16 BUSS WIRE, ID = 14”, L = 34”. | BT-PRI OTSEC \ #22 WIRE 
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. MPS6571 MAXIMUM RATINGS 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C Watts 
Derate above 25°C mw/°C 


Operating and Storage Junction ~ ss 
Temperature Range 


AMPLIFIER TRANSISTOR 


NPN SILICON 


THERMAL CHARACTERISTICS 


| Characteristic =| Symbol | Max | 
Thermal Resistance, Junction to Ambient | Raa | 200] CW C=" 


Thermal Resistance, Junction to Case | Rac | 833) df CWO 


Refer to MPSA18 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic |_Symbot_| Min | Typ | Max | Unit __ 
OFF CHARACTERISTICS : 


Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(I¢ = 1.0 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(ic = 100 wAdc, IE = 0). 

Collector Cutoff Current. | ICBO nAdc 
(Vcp = 20 Vdc, Ig = 0). : 

Emitter Cutoff Current 


(VEBloff) = 3.0 Vdc, Ic = 0) 
ON CHARACTERISTICS 


{| DC Current Gain : . 
(I¢ = 100 pAdc, VcE = “ | 
Collector-Emitter Saturation Voltage VCE(sat) Vde 
(Ic = 10 mAdc, Ig = 1.0 mAdc) 
Base-Emitter On Voltage. | VBE(on) Vdc 
(Ic = 10 mAdc, Vcg = 5.0 Vdc) 
SMALL-SIGNAL CHARACTERISTICS the, 


Current-Gain — Bandwidth Product 

(Ic = 500 pAdc, VcE = 5.0 Vdc, f = 20 MHz) 
Output Capacitance _ 

(Vcp = 5.0 Vdc, IE = 0, f = 100 kHz) 


Noise Figure | 
(ic = 100 wAdc, Vcg. = 5.0 Vde, Rg = 10 kohms, f = 100 Hz) 
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MAXIMUM RATINGS MPS6573 
| __naing | yt rsnrersnre| unk thru 
rveco | 6 | vee MPS6576 
colecoee Vote | vegp [as [as | vee — 
ee os 


Collector Current — Continuous | ic | 00 | md 
Total Device Dissipation @ Ta = 25°C mw 

Derate above 25°C mW/°C 

Total Device Dissipation @ Tc = 25°C Watt 
Derate above 25°C mWw/°C 

Operating and Storage Junction Ty, Tstg —55 to +150 °C 
Temperature Range 

THERMAL CHARACTERISTICS 


Symbol | Max | Unit 
Thermal Resistance, Junction to Case Rgjc ee ee 
Thermal Resistance, Junction to Ambient R@JA(1) | 200 S| ecw CO” 


(1) RejJA is measured with the device soldered into a typical printed circuit board. 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AUDIO TRANSISTOR 


NPN SILICON 


Refer to MPS3903 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
(I¢ = 1.0 mAdc, lg = 0) MPS6573, MPS6574 
MPS6575, MPS6576 


hon ES Ss a 

_ 

nAdc 
Eiriia 


Collector Cutoff Current 
(VcB = 35 Vdc, IE = 0) MPS6573, MPS6574 
(VcB = 45 Vdc, ig = 0) MPS6575, MPS6576 


Emitter Cutoff Current 
(Veg = 4.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 100 wAdc, Voce = 5.0 Vdc) MPS6573, MPS6575 


(I¢ = 10 mAdc, VcE = 5.0 Vde)(2) MPS6573, MPS6575 


hFE 
100 _ 
200 500 
(I¢ = 1.0 mAdc, VcE = 5.0 Vdc) MPS6574, MPS6576(2) 100 300 


Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 

Base-Emitter On Voltage(2) VBE(on) Vdc 
(I¢ = 10 mAdc, VcE = 5.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(Il¢ = 10 mAdc, VcE = 5.0 Vde, f = 100 kHz) 


Output Capacitance 
(VcB = 12 Vdc, IE = 0, f = 100 kHz) 


(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MAXIMUM RATINGS 


MPS6580 


CASE 29-02, STYLE 2 
TO-92 (TO-226AA) 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


AMPLIFIER TRANSISTOR THERMAL CHARACTERISTICS 


Symboi | Max | Unit _| 
Thermal Resistance, Junction to Case R@JC | 933 | ecw OS 
Thermal Resistance, Junction to Ambient RaJA(1) | 200 =| ecw CO” 


(1) RejA is measured with the device soldered into a typical printed circuit board. 


PNP SILICON 


Refer to MPSH81 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Collector-Emitter Breakdown Voltage(2) 


V(BR)CEO 25 Vde 
(Ic = 1.0 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 10 pAdc, Ie = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(l_ = 10 Adc, Ic = 0) 
Collector Cutoff Current ICBO nAdc 
(VcB = 20 Vdc, IE = 0) 
Emitter Cutoff Current 
(VBE = 2.0 Vdc, Ic = 0) 
ON CHARACTERISTICS 
DC Current Gain(2) hFE 
(I¢ = 2.0 mAdc, Veg = 10 Vdc) 
Collector-Emitter Saturation Voltage | VCE(sat) 0.2 Vdc 
(I¢ = 2.0 mAdc, Ip = 0.2 mAdc) 


_ SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
_ (Il¢ = 2.0 mAdc, VcE = 10 Vde, f = 100 MHz) 


OFF CHARACTERISTICS 


Collector-Base Capacitance 
(VcgB = 10 Vde, Ie = 0, f = 100 MHz) 


(2) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


2-162 


MAXIMUM RATINGS 


NPN 
MPS6601 
MPS6602 

PNP 
MPS6651 
MPS6652 


Collector-Emitter Voltage 
MPS6601/6651 
MPS6602/6652 


Collector-Base Voltage 


ps [| 
VcCBO Vdc 
MPS6601/6651 
MPS6602/6652 


Emitter-Base Voltage Veso | 40 | Vdc 
Collector Current — Continuous 


a a ae 
Total Device Dissipation @ Ta = 25°C mw 
Derate above 25°C mWw/°C 
Total Device Dissipation @ Tc = 25°C 1.5 Watts 
Derate above 25°C 12 mWw/°C 
. | Operating and Storage Junction Ty, Tstg | —55 to +150 °C 
Temperature Range 
THERMAL CHARACTERISTICS 


| Characteristic | Symbol | Max | Unit 
Thermal Resistance, Junction to Case 
Thermal Resistance, Junction to Ambient RejA(1) | 200 | cw 


(1) RajA is measured with the device soldered into a typical printed circuit board. 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


fp haractoristic | Symbol | Min Max [Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 1.0 mAdc, Ip = 0) MPS6601/6651 
MPS6602/6652 


Collector-Base Breakdown Voltage 


_ pg | =|". 
(Ic = 100 pAdc, Ig = 0) MPS6601/6651 


V(BR)CBO Vde 
MPS6602/6652 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
|__ le = 10 pAde, Ic = 0) 


Collector Cutoff Current 
(VcE = 25 Vdc, Ip = 0) MPS6601/6651 
(VcE = 30 Vdc, Ip = 0) MPS6602/6652 


Collector Cutoff Current 
(VcB = 25 Vdc, IE = 0) MPS6601/6651 
(VcB = 30 Vdc, Ie = 0) MPS6602/6652 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 100 mAdc, VcgE = 1.0 Vdc) 
(ic = 500 mAdc, Vcg = 1.0 Vdc) 
(I¢ = 1000 mAdc, VcE = 1.0 Vdc) 


Collector-Emitter Saturation Voltage VCE(sat) Vde 
(I¢ = 1000 mAdc, IB = 100 mAdc) 

Base-Emitter On Voltage VBE(on) Vde 
(I¢ = 500 mAdc, Vcg = 1.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 50 mAdc, VcE = 10 Vde, f = 30 MHz) 


Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 


SWITCHING CHARACTERISTICS 


Delay Time 
(Voc = 40 Vdc, Ic = 600 mAdc, 


IB1 = 50 mAdc, 
tp = 300 ns Duty Cycle) 
Fall Time 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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NPN MPS6601, MPS6602, PNP MPS6651, MPS6652 


FIGURE 1 — SWITCHING TIME TEST CIRCUITS 


Turn-on Time _ Turn-off Time 


-1.0V Vec +VepB Vcc 


trp = 3.0 ns 


| | *Total Shunt Capacitance of Test Jig and Connectors 
For PNP Test Circuits, Reverse All Voltage Polarities 


NPN PNP 


FIGURE 2 — MPS6601/6602 DC CURRENT GAIN FIGURE 3 — MPS6651/6652 DC CURRENT GAIN 


st Ht 
EIS e 


300 


hee, CURRENT GAIN 
i 
hee, CURRENT GAIN 


Ic, COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mA) 


FIGURE 4 — CURRENT GAIN BANDWIDTH PRODUCT FIGURE 5 — CURRENT GAIN BANDWIDTH PRODUCT 


fy, CURRENT-GAIN-BANDWIDTH PRODUCT (MHz) 


fy, CURRENT-GAIN-BANDWIDTH PRODUCT (MHz) 


10 100 200 1000 10 100 200 . 1000 
IC, COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mA) 
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NPN MPS6601, MPS6602, PNP MPS6651, MPS6652 


FIGURE 6 — ON VOLTAGES FIGURE 7 — ON VOLTAGES 
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FIGURE 8 — CAPACITANCE 


C, CAPACITANCE (pF) 
C, CAPACITANCE (pF) 
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Vp, REVERSE VOLTAGE (VOLTS) Vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 10 — MPS6601/6602 NOISE FIGURE FIGURE 11 — MPS6651/6652 NOISE FIGURE 
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NPN MPS6601, MPS6602, PNP MPS6651, MPS6652 


FIGURE 12 — MPS6601/6602 SWITCHING TIMES 
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FIGURE 14 — BASE-EMITTER TEMPERATURE COEFFICIENT 
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FIGURE 16 — SAFE OPERATING AREA 
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FIGURE 13 — MPS6651/6652 SWITCHING TIMES 
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FIGURE 15 — BASE-EMITTER TEMPERATURE COEFFICIENT 
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FIGURE 17 — SAFE OPERATING AREA 
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NPN MPS6601, MPS6602, PNP MPS6651, MPS6652 


FIGURE 18 — MPS6601/6602 SATURATION REGION 


1. 
‘CTT Ht CAT rasa 
UT TTT  fty= 25°C. 


S 
co 


0.6 


Vce. COLLECTOR VOLTAGE (VOLTS) 


a Ml tA Amal 
CCTM EET NURS eT 
LLL Pres eeoon L Tl 


Ip, BASE ane (mA) 


Vcg. COLLECTOR VOLTAGE (VOLTS) 


FIGURE 19 — MPS6651/6652 SATURATION REGION 
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FIGURE 20 — THERMAL RESPONSE 


0.01 
0.001 0.002 0.005 0.01 0. 


ST TN TAY 


= 0.7 = 
2) 0.5 === — a ee as a a SS 2S Wh ee ee ees 
= ee ess ee 
Say ee ee aS nae eee So a Co 
SE aa ee 2200 ae 
Be 2 eee ear Te 
Be Creme: Eis 
see easter 
= F 0.05 SF Single Pulse a atc Gas 
ees a ag 2 LG es GO 
2 ont Ll Peer TT 


5 Rayclt) = (t) auc 
(pk) Rac = 100°C/W Max 
— — Rayaltld = rit) Ja 


Rega = 357°CW Max 


D curves apply for power 
12 pulse train shown 
read time at ty 
— Ty¢pk) — Te = Pipky Pucit) 
0.5 1.0 2.0 5.0 10 20 50 ~=6100 


’t, TIME (SECONDS) 


SMALL-SIGNAL DEVICES 


2-167 


MOTOROLA SEMICONDUCTORS 


Cie is eke: Reape ae Lakes OHERD oe 


MAXIMUM RATINGS 


MPS6714 
MPS6715 


Collector-Emitter Voltage 
MPS6714 
MPS6715 


Collector-Base Voltage 
MPS6714 
MPS6715 


CASE 29-03, STYLE 1 
TO-92 (TO-226 AE) 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 1.0 Watt 
Derate above 25°C 8.0 | mW/C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction Tj, Tstg | —55 to +150 °C 
Temperature Range 
THERMAL CHARACTERISTICS 


| Characteristic | Symbol | Max | 
Thermal Resistance, Junction to Case R@Jc | BO : 


Thermal Resistance, Junction to Ambient 


AMPLIFIER TRANSISTOR 


NPN SILICON 


Refer to MPSW01 for graphs. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Characteristic | Symbot_| Min | Max | Unit _| 


ni pe f - | 
V(BR)CBO Vdc 

(ic = 100 pAde, Ie = 0) MPS6714 

MPS6715 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(Ic = 10 mAdc, Ip = 0) MPS6714 
MPS6715 


Collector-Base Breakdown Voltage 


Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(le = 100 wAdc, Ic = 0) 
_(VcB = 50 Vdc, le = 0) MPS6715 
Emitter Cutoff Current 
(Veg = 5.0 Vdc, Ic = 0) 
ON CHARACTERISTICS(1) 
(I¢ = 1000 mAdc, VcE = 1.0 Vdc) “lela l 
Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(I¢ = 1000 mAdc, IB = 100 mAdc) 
Base-Emitter On Voltage VBE(on) Vde 
(Ic = 1000 mAdc, VcgE = 1.0 Vdc) | | 
SMALL-SIGNAL CHARACTERISTICS | 


“Nea Vee ai p= [al ™. 
DC Current Gain 
Collector-Base Capacitance Cob 

(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 


(VcB = 40 Vdc, IE = 0) MPS6714 
he oe Boe toe 
(ic = 100 mAdc, VcE = 1.0 Vde) 
Small-Signal Current Gain 


(Ic = 50 mAdc, VcgE = 10 Vdc, f = 20 MHz) 
(1) Pulse Test: Pulse Width < 30 us, Duty Cycle < 2.0%. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


2-168 


MPS6716 
MPS6/17 


MAXIMUM RATINGS 


| Rating =| Symbol | MpSe516| MPS6517 | Unit _ 
| Collector-Emitter Voltage | “ceo | 60 || 80 | Vdc 
| Collector-Base Voltage ss | Vcpo | 60 | 80 Vide 
Emitter-Base Voltage | Vepo |  ss5.0—s—=«dY:=Ciécde:= = 
Collector Current — Continuous rr a ee mAdc 


Total Device Dissipation @ Ta = 25°C 1.0 Watt 
Derate above 25°C 8.0 mW/°C 
Total Device Dissipation @ Tc = 25°C Watts 
Derate above 25°C mWw/°C 
Operating and Storage Junction TJ, Tstg ~55 to +150 3 © 
Temperature Range 
THERMAL CHARACTERISTICS 


| Characteristic | Symbol | Max | Unit 
Thermal Resistance, Junction to Case | Rac | 50. | °cwW | 
Thermal Resistance, Junction to Ambient R@JA | 125 | ecw C* 


‘CASE 29-03, STYLE 1 
TO-92 (TO-226 AE) 


AMPLIFIER TRANSISTOR 


NPN SILICON © 


Refer to MPSWO05 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vdc 
(Ic = 1.0 mAdc, g = 0) MPS6716 60 
MPS6717 80 
Collector-Base Breakdown Voltage V(BR)CBO Vde 
(I¢ = 100 wAdc, IE = 0) MPS6716 60 
MPS6717 80 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 10 pAdce, Ic = 0) 


Collector Cutoff Current 
(VcB = 40 Vdc, IE = 0) MPS6716 
(VcB = 60 Vdc, IE = 0) MPS6717 
Emitter Cutoff Current 
(VER = 5.0 Vdc, Ic = 0) 
ON CHARACTERISTICS(1) 
DC Current Gain 
(I¢ = 50 mAdc, VcgE = 1.0 Vdc) 
(I¢ = 250 mAdc, VcgE = 1.0 Vdc) 


Collector-Emitter Saturation Voltage 
(I¢ = 250 mAdc, Ip = 10 mAdc) 


Base-Emitter On Voltage 
(I¢ = 250 mAdc, Vcg = 1.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Collector-Base Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 


Smail-Signal Current Gain 
(I¢ = 200 mAdc, VcgE = 5.0 Vdc, f = 20 MHz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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: MPS6724 
MPS6725 


MAXIMUM RATINGS 


ee 
| Collector-Emitter Voltage | Vces | 40 | 80 | Ve 
| Collector-Base Voltage | “Vcpo | 80 | 60 | Vide 
Erie ove Yotege —__-_{ Yeo ft ee 
Collector Current — | Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 1.0 Watt 
Derate above 25°C 8.0 mW/°C 
Total Device Dissipation @ Tc = 25°C 2.5 Watts 
Derate above 25°C 20 mW/°C 
Operating and Storage Junction TJ. Tstg —55 to +150 
Temperature Range 
THERMAL CHARACTERISTICS 


Characteristic Symbol | Max | Unit _| 
Thermal Resistance, Junction to Case R@Jc a eee 
_ | Thermal Resistance, Junction to Ambient RJA 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot_ | Min [| Max | unit _ | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CES Vdc 
(i¢ = 1.0 mAde, Ig = 0) MPS6724 
MPS6725 
Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 1.0 wAdc, IE = 0) MPS6724 Vdc 
MPS6725 ve 
Emitter-Base Breakdown Voltage V(BR)EBO 
(l— = 10 wAdc, Ic = 0) 
Collector Cutoff Current 


(Veg = 30 Vde, Ie = 0) MPS6724 
(VcB = 40 Vdc, Ig = 0) MPS6725 


CASE 29-03, STYLE 1 
(TO-226 AE) 


DARLINGTON TRANSISTOR 


NPN SILICON 


Refer to 2N6426 for graphs. 


Emitter Cutoff Current 
(VEB = 10 Vdc, Ic = 0) 


ON CHARACTERISTICS(1) 


DC Current Gain 
(I¢ = 200 mAdc, Vcg = 5.0 Vdc) 


FE 
25,000 — 
(I¢ = 1000 mAdc, VcE = 5.0 Vdc) 4,000 40,000 
Collector-Emitter Saturation Voltage VCE(sat) 
(I¢ = 1000 mAdc, Ip = 2.0 mAdc) 
Base-Emitter On Voltage VBE(on) 
(I¢ = 1000 mAdc, VcE = 5.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 200 mAdc, VcgE = 5.0 Vdc, f = 100 MHz) 


Collector-Base Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 


MPS6726 
MPS6727 


CASE 29-03, STYLE 1 
TO-92 (TO-226 AE) 


Collector-Emitter Voltage 
MPS6726 
MPS6727 


Collector-Base Voltage 
MPS6726 
MPS6727 


Emitter-Base Voltage 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS AMPLIFIER TRANSISTOR 


Characteristic | Symbol | 
Thermal Resistance, Junction to Case ReJc 
Thermal Resistance, Junction to Ambient ReJA 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


PNP SILICON 


Refer to MPSW51 for graphs. 


fp Characteristic | Symbot_ | min | ox | unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 10 mAdc, Ig = 0) MPS6726 
MPS6727 


Collector-Base Breakdown Voltage 


ia pe} - | 
V(BR)CBO Vdc 

(Ic = 100 pAde, IE = 0) MPS6726 

MPS6727 


Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 100 wAdc, Ic = 0) 
Collector Cutoff Current ICBO pAdc 
(VcB = 40 Vdc, ig = 0) MPS6726 
(VcB = 50 Vdc, Ie = 0) MPS6727 
Emitter Cutoff Current pAdc 
(Veg = 5.0 Vdc, Ic = 0) 
ON CHARACTERISTICS(1) 
DC Current Gain hFE 
(I¢ = 100 mAdc, VcE = 1.0 Vdc) 
(Ic = 1000 mAdc, Vcg = 1.0 Vde) 
Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(I¢ = 1000 mAdc, Ig = 100 mAdc) 
Base-Emitter On Voltage VBE(on) Vde 
(I¢ = 1000 mAdc, VcgE = 1.0 Vdc) 
SMALL-SIGNAL CHARACTERISTICS 
Collector-Base Capacitance 
(VcB = 10 Vdc, IE = 0, f = 1.0 MHz) 


Small-Signal Current Gain 
(ic = 50 mAdc, Vcg = 10 Vdc, f = 20 MHz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MPS6728 
MPS6729 


MAXIMUM RATINGS 


Rating | Symbol | MPS6728 | MPS6729|_Unit_ 
| VceO_ 


Veco | 60 | 80 | Ve 


VEBO 
Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


CASE 29-03, STYLE 1 
TO-92 (TO-226 AE) 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


AMPLIFIER TRANSISTOR THERMAL CHARACTERISTICS 


| Characteristic | Symbol | Max | Unit _ | 
Thermal Resistance, Junction to Case | Rac | 50S 
Thermal Resistance, Junction to Ambient RaJA eee ee 


PNP SILICON 


Refer to MPSW55 for graphs. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


| Characteristic | Symbot_| min | Max | Unit _| 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(I¢ = 1.0 mAdc, IB = 0) | MPS6728 
MPS6729 


Collector-Base Breakdown Voltage V(BR)CBO 
(ic = 100 pAde, Ie = 0) MPS6728 
MPS6729 


60 
80 
Emitter-Base Breakdown Voltage V(BR)EBO 
ig = 10 pAde, Ic = 0) 


Collector Cutoff Current 
(Veg = 5.0 Vdc, Ic = 0) 


Emitter Cutoff Current 
(Vep = 40 Vac, le = 0) MPS6728 
(VcB = 60 Vdc, IE = 0) MPS6729 


ON CHARACTERISTICS(1) _ 


DC Current Gain 
(Ic = 50 mAdc, VcgE = 1.0 Vdc) 


80 
(i¢ = 250 mAdc, VcE = 1.0 Vdc) "|else| =~. 
Collector-Emitter Saturation Voltage . VCE(sat) Vdc 
(I¢ = 250 mAdc, Ip = 10 mAdc) 
Base-Emitter On Voltage VBE(on) Vde 
(I¢ = 250 mAdc, Vcg = 1.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Collector-Base Capacitance 
(VcB = 10 Vde, Ie = 0, f = 1.0 MHz) 


Small-Signal Current Gain 
(I¢ = 200 mAdc, VcgE = 5.0 Vdc, f = 20 MHz) 


(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 
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MAXIMUM RATINGS 


| Rating | Symbol | mPs6735 | mps6734 | mPs6733 | Unit_ 
[Collector-Emitter Voltage | Vceo | 300 | 250 | 200 | Vide 
| Collector-Base Voltage | Vcwo | 300 | 250 | 200 | Vde_ 


Collector Current — Ic mAdc 
Continuous 

Total Device Dissipation 

@ Ta = 25°C 1.0 Watt 

Derate above 25°C 8.0 mW/°C 
Total Device Dissipation 

@ Tc = 25°C Watts 

mWw/°C 

Ty, Tstg —55 to + 150 °C 


MPS6733 
MPS6734 
MPS6735 


CASE 29-03, STYLE 1 
TO-92 (TO-226 AE) 


Derate above 25°C 


Operating and Storage 
Junction 
Temperature Range 


THERMAL CHARACTERISTICS 


HIGH VOLTAGE TRANSISTOR 


NPN SILICON 


Characteristic | Symbol | Max | 
Thermal Resistance, Junction to Case | Rec | 50 


Thermal Resistance, Junction to Ambient 


Refer to MPSW42 for graphs. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Characteristic | Symbot_ | Min | Max | unit _| 


Collector-Emitter Breakdown Voltage(1) 


OFF CHARACTERISTICS 


V(BR)CEO 


(ic = 10 mAdc, Ip = 0) MPS6735 300 
MPS6734 250 
MPS6733 200 


Collector-Base Breakdown Voltage 

(I¢ = 100 pAdc, IE = 0) ; MPS6735 
MPS6734 
MPS6733 


V(BR)CBO Vde 
300 
250 
200 


Emitter-Base Breakdown Voltage 
(le = 100 »Adc, Ic = 0) 


Collector Cutoff Current 
(VcB = 260 Vdc, IE = 0) MPS6735 


(VcB = 200 Vdc, Ie MPS6734 


ICBO pAdc 
(VcB = 160 Vdc, IF MPS6733 


Emitter Cutoff Current pAdc 
(VEB = 6.0 Vdc, Ic = 0) 
(I¢ = 1.0 mAdc, VcgE = 10 Vdc) 


hFE 
(ic = 10 mAdc, Voce = 10 Vdc) 
Collector-Emitter Saturation Voltage VCE(sat) Vde 
(Ic = 20 mAdc, Ip = 2.0 mAdc) 
Base-Emitter On Voltage VBE(on) Vdc 
(Ic = 20 mAdc, Vcg = 10 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 10 mAdc, Vcg£ = 20 Vdc, f = 20 MHz) 


ON CHARACTERISTICS 


DC Current Gain 


Collector-Base Capacitance 
(VcB = 20 Vdc, IE = 0, f = 1.0 MHz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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Emitter Cutoff Current ; | leBo | nAdc 
(VBE = 3.0 V) 


MAXIMUM RATINGS 
Emitter-Base Voltage 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @Tc = 60°C | Pp | 


MPS8093 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction Ty, Tstg | —55 to +150 °C 
Temperature Range 
THERMAL CHARACTERISTICS 


Characteristic 
Thermal Resistance, Junction to Case Rec 
Thermal Resistance, Junction to Ambient R@JA 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Characteristic | Symbot_ | min | Max | Unit _| 


Collector-Emitter Breakdown Voltage 
(I¢ = 10 mAdc) 


dc 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(I¢ = 100 wAdc) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(l_ = 100 wAdc) 
Collector Cutoff Current ICBO nAdc 
(Vcp = 20.V) 


GENERAL PURPOSE TRANSISTOR 


PNP SILICON 


Refer to 2N4402 for graphs. 


OFF CHARACTERISTICS 


V(BR)CEO 40 Vv 


ON CHARACTERISTICS 


DC Current Gain eT . | 
(I¢ = 50 mAdc, VcgE = 2.0 Vdc) 

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(I¢ = 50 mAdc, Ip = 5.0 mAdc) 

Base-Emitter On Voltage VBE(on) Vde 
(I¢ = 50 mAdc, VcgE = 2.0 V) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MPS8097 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


| Rating | Symbol | Value | Unit 


Collector-Emitter Voltage VCEO [| 40 
Collector-Base Voltage VCBO | 60 Vdc 


Emitter-Base Voltage 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C mW/°C 


Operating and Storage Junction TJ, Tstg | —55 to +150 °C 
Temperature Range 
THERMAL CHARACTERISTICS 


| Characteristic | Symbol _ 
Thermal Resistance, Junction to Case Rg@Jc , 
Thermal Resistance, Junction to Ambient RgJjA(1) °C/W 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 
CC haratnitle «Spb [ nae 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
(i¢ = 10 mAdc, Ip = 0) 


Collector Cutoff Current 
(VcB = 40 Vdc, IE = 0) 
(VcB = 60 Vdc, IE = 0) 


Emitter Cutoff Current nAdc 
(VBE = 6.0 Vdc, Ic = 0) 


ON CHARACTERISTICS(2) 


DC Current Gain hFE 700 
(Ic = 100 Adc, VcE = 5.0 Vdc) 

Base-Emitter On Voltage VBE(on) Vdc 
(Ic = 100 wAdc, VcEe = 5.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(VcB = 5.0 Vdc, IE = 0, f = 1.0 MHz) 


Emitter-Base Capacitance 
(VBE = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 


AMPLIFIER TRANSISTOR 


NPN SILICON 


Refer to MPSA18 for graphs. 


Noise Figure . 
(lc = 100 wAdc, VcE = 5.0 Vdc, Rs = kOhms, f = 10 Hz to 15.7 KHz) 


Equivalent Short Circuit Noise Voltage 
(Ic = 100 wAdc, Vcg = 5.0 Vdc, Rg = 10 kOhms, f = 100 Hz, Bw = 1.0 Hz) 


(1) RaJA is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
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NPN MAXIMUM RATINGS 
MPS8098/MPS8099: 
MPS8098 | —___ main | Syms prssrsgqussss] unit 
MPS8099 | Collector-Emitter Voltage | “Veo | 60 | 80 | Vdc | 
| Collector-Base Voltage | “Vcpo | 60 | 80 | Vde 
| recsicecs, 
MPS8099|MPS8599 
| Emitter-Base Voltage =| «“VeBo | 60 | 50 | Vde | 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
Total Device Dissipation @ Tc = 25°C Watts 
Derate above 25°C mW/°C 
Operating and Storage Junction TJ, Tstg -—55 to +150 °C 
Temperature Range 
THERMAL CHARACTERISTICS 


Characteristic Symbol | Max | Unit 
Thermal Resistance, Junction to Case Re@Jc ee ee 
Thermal Resistance, Junction to Ambient | Raya | 200 


RaJA 


PNP 
MPS8598 
MPS8599 


3 
=3 
B 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit _ | 
OFF CHARACTERISTICS : 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(I¢ = 10 mAdc, Ip = 0) MPS8098, MPS8598 
MPS8099, MPS8599 


Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(I¢ = 100 pAdc, IE = 0) MPS8098, MPS8598 60 
. MPS8099, MPS8599 80 
| Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
| (IE = 10 pAdc, Ic = 0) MPS8098, MPS8099 | 
: _ MPS8598, MPS8599 


Collector Cutoff Current 
(VCE = 60 Vdc, Ip = 0) 


| Collector Cutoff Current 
(VcR = 60 Vdc, Ip = 0) MPS8098, MPS8598 
(Vcp = 80 Vdc, Iz = 0) MPS8099, MPS8599 


Emitter Cutoff Current 
(Veg = 6.0 Vdc, Ic = 0) MPS8098, MPS8099 
(Veg = 4.0 Vdc, Ic = 0) MPS8598, MPS8599 


ON CHARACTERISTICS(1) 


DC Current Gain (Ic = 1.0 mAdc, Vcg = 5.0 Vdc) 
(I¢ = 10 mAdc, VcE = 5.0 Vdc) ' 
O(ic = 100 mAdc, VcE = 5.0 Vdc) 75 


Collector-Emitter Saturation Voltage (I¢ = 100 mAdc, Ip = 5.0 mAdc) VCE(sat) Vdc 
(I¢ = 100 mAdc, Ip = 10 mAdc) 


Base-Emitter On Voltage VBE(on) Vdc 
(I¢ = 1.0 mAdc, VcE = 5.0 Vdc) © . MPS8098, MPS8598 0.7 
(Ic = 10 mAdc, VcE = 5.0 Vdc) MPS8099, MPS8599 0.8 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 
(Ic = 10 mAdc, VcE = 5.0 Vde, f = 100 MHz) 


Output Capacitance 
(VcB = 5.0 Vdc, IE = 0, f = 1.0 MHz) MPS8098, MPS8099 
MPS8598, MPS8599 


Input Capacitance 
(VBE = 0.5 Vde, Ic = 0, f = 1.0 MHz) MPS8098, MPS8099 
MPS8598, MPS8599 


(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle = 2.0%. 
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NPN MPS8098, MPS8099, PNP MPS8598, MPS8599 


FIGURE 1 — SWITCHING TIME TEST CIRCUITS 
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FIGURE 2 — CURRENT-GAIN — BANDWIDTH PRODUCT 
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FIGURE 3 — CAPACITANCE 
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FIGURE 4 — SWITCHING TIMES 


NO 
ao 

[= 
is) 


t, TIME (ns) 


OF ll 
A tt 
CU a 


rma 
AN Tein 


al 


Tj= 
ae 
Po. 
Bal 
OS) 
[| 
bes 
ie 
ome, 
anes 


Ic, ee Sane a 


SMALL-SIGNAL DEVICES 


2-177 


Ic, rs aor sinner fait 


MOTOROLA SEMICONDUCTORS 


NPN MPS8098, MPS8099, PNP MPS8598, MPS8599 


FIGURE 5 — THERMAL RESPONSE 
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NPN MPS8098, MPS8099, PNP MPS8598, MPS8599 


FIGURE 8 — “ON” VOLTAGES FIGURE 9 — COLLECTOR SATURATION REGION 
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FIGURE 12 — “ON’’ VOLTAGES | FIGURE 13 — COLLECTOR SATURATION REGION 
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NPN 
MPSA05 
MPSA06 

PNP 
MPSA55 
MPSA56 


MAXIMUM RATINGS 


ss ie 
Rating MPSA55 | MPSA56 
| Vceo | 60 | 80 | 
| Vepo | 60 | 80 | 
Emitter-Base Voltage | Vepo | 40s 
| Collector Current—Continuous_ | ic | 800. | Ade 


Total Device Dissipation @ Ta = 25°C Pp mW 
Derate above 25°C mWw/°C 

Total Device Dissipation @ Tc = 25°C 1.5 Watts 
Derate above 25°C 12 mW/C 

Operating and Storage Junction Ty, Tstg —55 to +150 °C 
Temperature Range 

THERMAL CHARACTERISTICS | 


[Characteristic ———=«;S«Symbol_| Max 
Thermal Resistance, Junction to Case 
Thermal Resistance, Junction to Ambient ReJA() | 200 S| ecw 


(1) RajA is measured with the device soldered into a typical printed circuit board. 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


po Characteristic | Symbot | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 


. V(BR)CEO Vde 
(Ic = 1.0 mAdc, Ip = 0) MPSA05, MPSA55 60 
MPSA06, MPSA56 80 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 100 wAdc, Ic = 0) | 

Collector Cutoff Current TF IG EO — pAde 
(VCE = 60 Vdc, Ip = 0) 

Collector Cutoff Current ICBO pAdc 
(VcB = 60 Vdc, IE = 0) MPSA05, MPSA55 
(VcB = 80 Vdc, IE = 0) MPSA06, MPSA56 

ON CHARACTERISTICS . a 

DC Current Gain hre 
(lc = 10 mAdc, VcE = 1.0 Vdc) 
(I¢ = 100 mAdc, VcgE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage VCE(sat) Vde 
(I¢ = 100 mAdc, lg = 10 mAdc) 

Base-Emitter On Voltage VBE(on) Vde 
(I¢ = 100 mAdc, VcgE = 1.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain — Bandwidth Product(2) 
(Ic = 10 mA, VcE = 2.0 V, f = 100 MHz) MPSA05 

MPSA06 


(Ic = 100 mAdc, VcE = 1.0 Vde, f = 100 MHz) MPSA55 
MPSA56 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle <= 2.0%. 
(2) ff is defined as the frequency at which |hgg| extrapolates to unity. 
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NPN MPSAO5, MPSAO6, PNP MPSA5S5, MPSA56 


FIGURE 1 — SWITCHING TIME TEST CIRCUITS 
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FIGURE 2 — CURRENT-GAIN—BANDWIDTH PRODUCT 


2.0 3.0 50 7.0 10 20 =30 50 70 100 ~~ 200 


Coo 
: CEE 


2.0 50 70 10 70 100 200 
Ic, COLLECTOR TORMENT i Ic, COLLECTOR CURRENT (mA) 


ft, CURRENT-GAIN—BANDWIDTH PRODUCT (MHz) 
fT, CURRENT-GAIN-BANDWIDTH PRODUCT (MHz) 


FIGURE 3 — CAPACITANCE 


80 100 ; 
fef[ | Tl] Tooth at a 
Pr a 1 ie Os ee - Bi be Eon Oe ar OS |e OO 
oa a =a Rett HHH Se THE 
ee - ctioeee ol il 
aF iholile! CES TT of La Coon rth 
2 Sera : rT SH A 
= 
= Re = 20 | 
S Elle: ae ee ae ea ala fill 
2 Ae = S SURE See 
Ss go Semertiiecme ties an ees J 19 st Ge TSS an Oe Rr oa 
od Eh Att a = SELL 
tS or aomeen eee =e aes fe Sl 
Pe ECs oe nee Se EE a 
0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 
Vr, REVERSE VOLTAGE (VOLTS) Vr, REVERSE VOLTAGE (VOLTS) 
MOTOROLA SEMICONDUCTORS | SMALL-SIGNAL DEVICES 


2-182 


NPN MPSA05, MPSA06, PNP MPSA55, MPSA56 


FIGURE 4 — SWITCHING TIME 
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NPN MPSA05, MPSA06, PNP MPSA55, MPSA56 
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FIGURE 7 — DC CURRENT GAIN 
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NPN MPSA05, MPSA06, PNP MPSA55, MPSA56 
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FIGURE 11 — DC CURRENT GAIN 
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MPSA09 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Collector-Emitter Voltage 


Collector-Base Voltage 
Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
.  Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 


Derate above 25°C 


| AMPLIFIER TRANSISTOR 


NPN SILICON 


Thermal Resistance, Junction to Case ReJc | g33 | cw 


Refer to MPSA18 for graphs. 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | Typ | Max | Unit _| 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(Ic = 1.0 mAdc, Ig = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(I¢ = 0.1 mAdc, IE = 0) | 

Collector Cutoff Current ICBO nAdc 
(VcB = 30 Vdc, IE = 0) 

Emitter Cutoff Current nAdc 
(VBE = 3.0 Vde, Ic = 0) 


| ON CHARACTERISTICS 


DC Current Gain hFE | 
| (I¢ = 0.1 mAdc, VcgE = 5.0 Vdc) 
Collector-Emitter Saturation Voltage VCE(sat) Vde 
(Ic = 10 mAdc, Ip = 1.0 mAdc) 
Base-Emitter On Voltage | VBE(on) Vde 
(Ic = 1.0 mAdc, Voge = 5.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 

Current-Gain — Bandwidth Product | fT 
(I¢ = 0.5 mAdc, Vcg = 5.0 Vde, f = 20 MHz) 

Output Capacitance Cobo pF 
(VcB = 5.0 Vdc, Ie = 0, f = 100 kHz) 


Noise Figure NF 
(Ic = 0.1 mAdc, VcgE = 5.0 Vdc, 
Rs = 0.8 k ohms, f = 1.0 kHz) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MPSA10 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Collector-Emitter Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


AMPLIFIER TRANSISTOR 


THERMAL CHARACTERISTICS NPN SILICON 


Characteristic 
Thermal Resistance, Junction to Case 


Thermal Resistance, Junction to Ambient 


Refer to MPS3903 for graphs. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


po Characteristic | Symbot | Min | Max | unit _| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(I¢ = 1.0 mAdc, Ig = 0) . 

Emitter-Base Breakdown Voltage V(BR)EBO _ MVde 
(IE = 100 Adc, Ic = 0) 

Collector Cutoff Current ; ICBO nAdc 
(VcB = 30 Vdc, IE = 0) 


ON CHARACTERISTICS 


DC Current Gain hre 40 
(I¢ = 5.0 mAdc, Vee = 10 Vdc) 


_ SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 5.0 mAdc, Vce = 10 Vdc, f = 100 MHz) 


Output Capacitance 
(VcB = 10 Vdc, IE = 0, f = 100 kHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MPSA12 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


DARLINGTON TRANSISTOR 


NPN SILICON 


THERMAL CHARACTERISTICS 


| Characteristic | Symbol_| Max | Unit _| 
Thermal Resistance, Junction to Ambient RJA 


Refer to 2N6426 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic [| symbot_ [min [tye [Max [unit | 


Collector-Emitter Breakdown Voltage V(BR)CES Vdc 
(I¢ = 100 wAdc, Ig = 0) - 
Collector Cutoff Current ICBO nAdc 
(VcB = 15 Vdc, Ie = 0) 
Collector Cutoff Current ICES —_ nAdc 
(VceE = 15 Vde, Vee = 0) 
Emitter Cutoff Current nAdc 
(VEB = 10 Vdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain hee | 20,000 | 
(I¢ = 10 mAdc, Vcg = 5.0 Vdc) 
Collector-Emitter Saturation Voltage VCE(sat) Vde 
(I¢ = 10 mAdc, Ig = 0.01 mAdc) ; 
Base-Emitter On Voltage VBE Vdc 
(I¢ = 10 mAdc, Vce = 5.0 Vde) ; 


OFF CHARACTERISTICS 


MOTOROLA SEMICONDUCTORS a SMALL-SIGNAL DEVICES 
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MPSA13 


MAXIMUM RATINGS MPSA14 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


DARLINGTON TRANSISTOR 


NPN SILICON 


THERMAL CHARACTERISTICS 


‘Thermal Resistance, Junction to Case 


Thermal Resistance, Junction to Ambient 


Refer to 2N6426 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CES Vdc 
(Ic = 100 nAdc, Ip = 0) 

Collector Cutoff Current ICBO nAdc 
(Vcp = 30 Vde, IE = 0) 

Emitter Cutoff Current nAdc 
(VBE = 10 Vdc, Ic = 0) 
ON CHARACTERISTICS(1) 


DC Current Gain 
(ic = 10 mAdc, Vcg = 5.0 Vdc) MPSA13 
MPSA14 


5000 
10,000 


(ic = 100 mAdc, VcE = 5.0 Vdc) MPSA13 10,000 
MPSA14 20,000 


Collector-Emitter Saturation Voltage VCE(sat) Vde 
(i¢ = 100 mAdc, Ip = 0.1 mAdc) 
Base-Emitter On Voltage VBE Vde 
(I¢ = 100 mAdc, VcE = 5.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product(2) 


(ic = 10 mAdc, Veg = 5.0 Vde, f = 100 MHz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
(2) fr = Ihfel * ftest: 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MPSA16 
MPSA17 MAXIMUM RATINGS 

-—___ ang ot re ut 
| Collector-Emitter Voltage | «Veep | 40 |e 
-Eniner eee Wotege ———_{ veg | 2 1p | vee 
| mAdc 
Total Device Dissipation @ Ta = 25°C =a 

Derate above 25°C mWre 


Total Device Dissipation @ T¢ = 25°C 


CASE 29-02, STYLE 1 
T0-92 (TO-226AA) 


Derate above 25°C mWw/°C 
Operating and Storage Junction Ty, Tstg -—55 to +150 | °C 
Temperature Range 
SWITCHING TRANSISTOR THERMAL CHARACTERISTICS 


| Characteristic =| Symbol | = Max | Unit __ 
Thermal Resistance, Junction to Ambient | Raa | 200 | cw | 
Thermal Resistance, Junction to Case | Rac | 8383)—C«| cw O*” 


RaJC 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic «Symbol | Min | Max (Unit 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(Ic = 1.0 mAdc, Ig = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(Ig = 0.1 mAdc, Ic = 0) MPS-A16 
= | MPS-A17 
Collector Cutoff Current ICBO nAdc 
(Vcp = 30 Vdc, IE = 0) 
100 


Emitter Cutoff Current 
(VBE = 10 Vdc, Ic = 0) 


ON CHARACTERISTICS 


| DC Current Gain hee | 
(Ic = 5.0 mAdc, Vcg = 10 Vdc) 
Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(Ic = 10 mAdc, Ig = 1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 


(Ic = 5.0 mAdc, Vcgé = 10 Vdc, f = 100 MHz) MPS-A16 
MPS-A17 


Output Capacitance 
(VcB = 10 Vdc, IE = 0, f = 100 kHz) 
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FIGURE 1—DC CURRENT GAIN 
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MAXIMUM RATINGS 


| Rating | Symbol 
Collector-Emitter Voltage VCEO [45 
Collector-Base Voltage VcBO | aa Vdc 


MPSA18 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Emitter-Base Voltage VEBO 
Collector Current — Continuous Ic 


Total Device Dissipation @ Ta = 25°C : 625 mw 
Derate above 25°C 5.0 mWwW/°C 

Total Device Dissipation @ Tc = 25°C Watts 
Derate above 25°C mw/°C 


THERMAL CHARACTERISTICS 


Characteristic | Symbol | 


Thermal Resistance, Junction to Case R@Jc 


Thermal Resistance, Junction to Ambient ReJA(1) 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO Vdc 
(Ic = 10 mAdc, IB = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(I¢ = 100 pAdc, IE = 0) . 4 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 10 wAdc, Ic = 0) 


Collector Cutoff Current 
(VcB = 30 Vdc, IE = 0) 


ON CHARACTERISTICS(2) 


DC Current Gain 
(ic = 10 Adc, VcE = 5.0 Vdc) 
(l¢ = 100 wAdc, Voce = 5.0 Vdc) 
(Ic = 1.0 mAdc, VcE = 5.0 Vdc) 
(Ic = 10 mAdc, Vcge = 5.0 Vdc) 


Collector-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ip = 0.5 mAdc) 
(Ic = 50 mAdc, Ip = 5.0 mAdc) 


Base-Emitter On Voltage 
(l¢ = 1.0 mAdc, VcgE = 5.0 Vdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 1.0 mAdc, VcE = 5.0 Vde, f = 100 MHz) 


Collector-Base Capacitance 
(Vcp = 5.0 Vde, ig = 0, f = 1.0 MHz) 


Emitter-Base Capacitance 
(Veg = 0.5 Vde, Ic = 0, f = 1.0 MHz) 


Noise Figure 
(Ic = 100 wAdc, VcgE = 5.0 Vdc, Rg = 10 kO, f = 10 Hz to 15.7 kHz) 
(Ic = 100 pAdec, VcE = 5.0 Vde, Rg = 1.0 k, f = 100 Hz) 


Equivalent Short Circuit Noise Voltage VT nV/V/Hz 
(I¢ = 100 wAdc, VcE = 5.0 Vde, Rg = 1.0 kQ, f = 100 Hz) 


(1) Raja is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 


LOW NOISE TRANSISTOR 


NPN SILICON 
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MPSA18 


FIGURE 1 — TRANSISTOR NOISE MODEL 
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NOISE CHARACTERISTICS 
(VcE = 5.0 Vdc, Ta = 25°C) 


NOISE VOLTAGE 
FIGURE 2 — EFFECTS OF FREQUENCY FIGURE 3 — EFFECTS OF COLLECTOR CURRENT 
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MPSA18 


| 100 Hz NOISE DATA 
FIGURE 6 — TOTAL NOISE VOLTAGE FIGURE 7 — NOISE FIGURE 
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FIGURE 8 — DC CURRENT GAIN 
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MPSA18 


FIGURE 11 — CAPACITANCE FIGURE 12 — CURRENT-GAIN—BANDWIDTH PRODUCT 
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, MPSA20 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


— 
| Collector-Emitter Voltage | Vceo | 40 | Vde 
-Cotecor ser Yonago —_—_{__Yepo_{_a¢__ Vde 


Total Device Dissipation @ Ta = 25°C 0 mW 
Derate above 25°C 5.0 mW/°C 
Total Device Dissipation @ Tc = 25°C 1.5 Watt 
Derate above 25°C 12 mWw/°C 
Operating and Storage Junction Ty, Tstg | —55 to +150 °C 
Temperature Range . . 
THERMAL CHARACTERISTICS 


| Characteristic | Symbol | Max | Unit_| 
Thermal Resistance, Junction to Case 
Thermal Resistance, Junction to Ambient RgJA(1) 


AMPLIFIER TRANSISTOR 


NPN SILICON 


| Refer to MPS3903 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | | Symbot_ | Min | Max | Unit 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO Vdc 
(Ic = 1.0 mAdc, Ip = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 100 pAdc, Ic = 0) 
100 


Collector Cutoff Current 


(VcB = 30 Vdc, IE = 0) 
ON CHARACTERISTICS 


DC Current Gain(2) 
(i¢ = 5.0 mAdc, VcE = 10 Vdc) 

Collector-Emitter Saturation Voltage VCE(sat) 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(I¢ = 5.0 mAdc, VcE = 10 Vdc, f = 100 MHz 


Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 


(1) Raja is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MPSA25 
MPSA26 
MPSA27 


MAXIMUM RATINGS 


[Rating | Symbol [MP S-aas| Ps azelnrS.Az7] Unie 
[alecortmiter Votage | Vers | «0 | 50 | 0 | veo 
[Emitter Bese Vote —~| Veso | 0d Vo 
Collector Current — Gontinvous [ig [800+ made 


Total Device Dissipation mW 
@ Ta = 25°C mW/°C 
Derate above 25°C 
Operating and Storage Junction Ty, Tstg —55 to +150 °C 

Temperature Range 


THERMAL CHARACTERISTICS 


NPN SILICON 
Characteristic Symbol | Max =| Unit 
| Thermal Resistance, Junction to Ambient RaJA | 200 | ecw 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


DARLINGTON TRANSISTOR 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CES 
(Ic = 100 wAdc, VBE = 0) MPSA25 
MPSA26 
MPSA27 


Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 100 wAde, IE = 0) MPSA25 
MPSA26 
MPSA27 


Collector Cutoff Current 
(VcB = 30V, Ig = 0) MPSA25 
(VcB = 40V, Ie = 0) MPSA26 
(VcB = 50 V, IE = 0) MPSA27 


Collector Cutoff Current 
(VcE = 30 V, Vege = 0) MPSA25 
(VcE = 40 V, Vege = 0) MPSA26 
(VcE = 50 V, Vege = 0) MPSA27 


Emitter Cutoff Current 
(VBE = 10 Vdc) 


ON CHARACTERISTICS(1) 


DC Current Gain 
(I¢ = 10 mA, VcE = 5.0 V) 


FE 
10,000 
(I¢ = 100 mA, Vcge = 5.0 V) 10,000 
Collector-Emitter Saturation Voltage ; VCE(sat) Vde 
(I¢ = 100 mA, Ig = 0.1 mAdc) 
Base-Emitter On Voltage VBE(on) Vde 
(Ic = 100 mA, VcgE = 5.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Small Signal Current Gain hfe 
(Ic = 10 mA, VcE = 5.0 V, f = 100 MHz) 


(1) Pulse Test: Pulse Width < 300 ws, Duty Cycle < 2.0%. 
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MPSA25, MPSA26, MPSA27 


FIGURE 1 — DC CURRENT GAIN bee FIGURE 2 — “ON” VOLTAGES 
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MPSA28 
MPSA29 


MAXIMUM RATINGS 
Emitter-Base Voltage Vde 
[Collector Current — Continuous | tc_—(| 800 | Adc 


Total Device Dissipation @ Ta = 25°C 625 mW 
Derate above 25°C 5.0 mW/°C 
Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
Operating and Storage Junction TJ, Tstg —55 to +150 °C 
Temperature Range 
THERMAL CHARACTERISTICS DARLINGTON TRANSISTOR 


Characteristic | Symbol | 
Thermal Resistance, Junction to Case 
Thermal Resistance, Junction to Ambient R@JA 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Collector-Emitter Breakdown Voltage 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 100 pwAdc, Ie = 0) MPSA28 80 

MPSA29 100 

Collector Cutoff Current 

Emitter Cutoff Current nAdc 
(Vee = 10 Vdc, Ic = 0) Both Types 
(Ic = 10 mAdc, Veg = 5.0 Vdc) Both Types 

Base-Emitter On Voltage VBE(on) Vde 
(I¢ = 100 mAdc, VcgE = 5.0 Vdc) Both Types 

Output Capacitance Cobo 
(VcB = 10 Vdc, IE = 0, f = 100 kHz) Both Types 


a 
(Ic = 100 wAdc, Veg = 0) MPSA28 
Emitter-Base Breakdown Voltage V(BR)EBO 
(l—E = 10 wAdc, Ic = 0) Both Types 
(VCE = 60 Vdc, VBE = 0) MPSA28 
ON CHARACTERISTICS(1) 
(Ic = 100 mAde, VcgE = 5.0 Vdc) Both Types 
SMALL-SIGNAL CHARACTERISTICS 
(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 


OFF CHARACTERISTICS 
V(BR)CES Vde 
80 
MPSA29 100 
Collector Cutoff Current ICBO nAdc 
(VcB = 60 Vdc, ig = 0) MPSA28 100 
(VcB = 80 Vdc, IE = 0) MPSA29 100 
(VcE = 80 Vdc, Vee = 0) MPSA29 500 
DC Current Gain 
Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(I¢ = 10 mAdc, Ig = 0.01 mAdc) Both Types | 0.7 
(Ic = 100 mAdc, Ip = 0.1 mAdc) Both Types 0.8 
Current-Gain — Bandwidth Product(2) fT 
(Ic = 10 mAdc, VcE = 5.0 Vde, f = 100 MHz) Both Types 
(2) fT = hfe ° ftest- 
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MPSA28, MPSA29 


. FIGURE 1 — DC CURRENT GAIN 
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FIGURE 3 — TEMPERATURE COEFFICIENTS 
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FIGURE 4 — COLLECTOR SATURATION REGION 
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FIGURE 6 — HIGH FREQUENCY CURRENT GAIN 
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MPSA42 
MPSA43 


MAXIMUM RATINGS 
[Rating | Symbot | mpsaea | mPsaas | Unit _ 
[colectorEmiver Voge | -Voeo | 300 | 200 | Vio 


Collector Current — Continuous | ic | 500d 

Total Device Dissipation @ Ta = 25°C mw 
Derate above 25°C mWw/C 
Total Device Dissipation @ Tc = 25°C 1.5 Watts 

Derate above 25°C 12 mW/°C 

Operating and Storage Junction Ty. Tstg —55 to +150 °C 
Temperature Range 

THERMAL CHARACTERISTICS 


Characteristic Ss 
Thermal Resistance, Junction to Case 
Thermal Resistance, Junction to Ambient 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


HIGH VOLTAGE TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(ic = 1.0 mAdc, Ip = 0) MPSA42 
MPSA43 200 


Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 100 wAdc, IE = 0) MPSA42 . 300 
MPSA43 200 


Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 100 wAdc, Ic = 0) 


Collector Cutoff Current 
(Vcp = 200 Vdc, Ie = 0) MPSA42 
(VcB = 160 Vdc, IE = 0) MPSA43 
Emitter Cutoff Current 
(VBE = 6.0 Vdc, Ic = 0) MPSA42 
(VBE = 4.0 Vdc, Ic = 0) MPSA43 


ON CHARACTERISTICS(1) 


XC Current Gain 
(I¢ = 1.0 mAdc, Vcg = 10 Vdc) Both Types 
(Ic = 10 mAdc, Veg = 10 Vdc) Both Types 


(ic = 30 mAdc, VcE = 10 Vdc) MPSA42 
MPSA43 


Collector-Emitter Saturation Voltage 
(l¢ = 20 mAdc, Ip = 2.0 mAdc) MPSA42 


40 
VCE(sat) Vde 
MPSA43 
Base-Emitter Saturation Voltage VBE(sat) Vde 
(Ic = 20 mAdc, Ip = 2.0 mAdc) 


' SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 


(Ii¢ = 10 mAdc, VcgE = 20 Vde, f = 100 MHz) 


Collector-Base Capacitance 
(Vcg = 20 Vde, Ip = 0, f = 1.0 MHz) MPSA42 
MPSA43 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MPSA42, MPSA43 


FIGURE 1— DC CURRENT GAIN 
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MPSA44 


MAXIMUM RATINGS MPSA45 


GolecorEmiter Votage + Voeo | 400 
Collector Base Voltage +t Veg | 600 
[EmiterBese Vottage ———~—~S~*dt~C ew | 80 


Total Device Dissipation @ Ta = 25°C 625 mw 
Derate above 25°C 5.0 mW/°C 
Tota! Device Dissipation @ Tc = 25°C 1.5 Watts 
Derate above 25°C 12 mW/°C 
Operating and Storage Junction TJ. Tstg ~55 to +150 °C 
Temperature Range 
HIGH VOLTAGE 


THERMAL CHARACTERISTICS TRANSISTOR 


Characteristic 
Thermal Resistance, Junction to Case 
Thermal Resistance, Junction to Ambient RaJA 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(Ic = 1.0 mAdc, Ip = 0) MPSA44 
MPSA45 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


NPN SILICON 


Collector-Emitter Breakdown Voltage 
(I¢ = 100 wAdc, Veg = 0) MPSA44 
: MPSA45 


Collector-Emitter Saturation Voltage(1) 


V(BR)CEO 
V(BRICES | Vde 
500 
400 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(I¢ = 100 wAdc, Ie = 0) MPSA44 500 
MPSA45 400 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 10 pAdc, Ic = 0) 
Collector Cutoff Current ICBO pAdc 
(Vcp = 400 Vdc, IE = 0) MPSA44 
(VcB = 320 Vdc, Ie = 0) MPSA45 
Collector Cutoff Current ICES nAdc 
(VcE = 400 Vdc, Vere = 0) MPSA44 . 500 
(VcE = 320 Vdc, VpF = 0) MPSA45 500 
Emitter Cutoff Current pAdc 
(VpE = 4.0 Vdc, Ic = 0). 
ON CHARACTERISTICS(1) 
DC Current Gain(1) (Ic = 1.0 mAdc, Vcf = 10 Vdc) 
(I¢ = 10 mAdc, Vcge = 10 Vdc) 
(I¢ = 50 mAdc, VcE = 10 Vdc) 
(I¢ = 100 mAdc, Vcg = 10 Vdc) 40 
(I¢ = 1.0 mAdc, Ig = 0.1 mAdc) VCE(sat) 0.4 Vdc 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 0.5 
(Ic = 50 mAdc, Ig = 5.0 mAdc) 0.75 
Base-Emitter Saturation Voltage (Ic = 10 mAdc, lp = 1.0 mAdc) VBE(sat) | o— | 075 | Vde | 
_ SMALL-SIGNAL CHARACTERISTICS | 
Output Capacitance (Vcp = 20 Vdc, Ig = 0, f = 1.0 MHz) | Cobo | — | 70 | pF | 


Small-Signal Current Gain (i¢ = 10 mAdc, VcE = 10 Vde, f = 10 MHz) 
(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 


MPSA55, MPSA56 For Specifications, See MPSA05 
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FIGURE 1 — DC CURRENT GAIN 
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FIGURE 3 — ON VOLTAGES 
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FIGURE 5 — CAPACITANCE 
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FIGURE 2 — COLLECTOR SATURATION REGION 
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FIGURE 4 — ACTIVE REGION — SAFE OPERATING AREA 
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FIGURE 6 — HIGH FREQUENCY CURRENT GAIN 
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FIGURE 7 — TURN-ON SWITCHING TIMES AND TEST CIRCUIT 
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FIGURE 8 — TURN-OFF SWITCHING TIMES AND TEST CIRCUIT 
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| | ~MPSA62 
| MPSAG63 MAXIMUM RATINGS 


| MPSA63| 
MPSAG4 | tng | sams (MM | Unit 
| Collector-Emitter Voltage |“ Vces | 20 | 30 | Vde_| 
| Collector-Base Voltage | cpa | 20 | 30 | Vado 
|Emitter-Base Voltage | Vepo | 10 | Ve 
Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


: CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


DARLINGTON TRANSISTOR THERMAL CHARACTERISTICS 
| Characteristic | Symbol | Max 

| Thermal Resistance, JunctiontoCase_ | Rac | 833 | “CW 

| Thermal Resistance, Junction to Ambient | Raja | 200 | °CW __ 


PNP SILICON 


Refer to MPSA75 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot_ | Min | Max | Unit 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage : V(BR)CES Vdc 
(I¢ = 100 wAdc, VBE = 0) MPSA62 20 
; MPSA63, MPSA64 30 
Collector Cutoff Current ICBO ; nAdc 
(VcB = 15 Vde, le = 0) MPSA62 100 . 
| (VcB = 30 Vdc, IE = 0) MPSA63, MPSA64 100 


Emitter Cutoff Current 
(VBE = 10 Vdc, Ic = 0) 


ON CHARACTERISTICS(1) 


DC Current Gain 
(I¢ = 10 mAdc, VcgE = 5.0 Vdc) MPSA63 
MPSA64 10,000 
MPSA62 20,000 


(ic = 100 mAdc, VcE = 5.0 Vdc) MPSA63 10,000 
MPSA64 20,000 


Collector-Emitter Saturation Voltage 
(I¢ = 10 mAdc, Ip = 0.01 mAdc) MPSA62 
(lc = 100 mAdc, Ig = 0.1 mAdc) MPSA63, MPSA64 


Base-Emitter On Voltage VBE(on) Vdc 
(Ic = 10 mAdc, VcE = 5.0 Vdc) MPSA62 
(I¢ = 100 mAdc, Vcg = 5.0 Vdc) MPSA63, MPSA64 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product(2) 


(Ic = 100 mAde, Vcg = 5.0 Vde, f = 100 MHz) MPSA63, MPSA64 


(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 
(2) fr = |hfel * ftest- 
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cane enema on Ben te Soa 


MAXIMUM RATINGS 


Collector Current — Continuous | Ig | 

Total Device Dissipation @ Ta = 25°C 625 mW 
Derate above 25°C 5.0 mWw/°C 

Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction Tj, Tstg | —55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 


Symbol | Max _| 
Thermal Resistance, Junction to Ambient R@JA eae aed 
Thermal Resistance, Junction to Case °C/W 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


MPSA70 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


PNP SILICON 


Refer to 2N5086 for graphs. 


Characteristic |_Symbol_| Min | Max | Unit __| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I¢ = 1.0 mAdc, Ip = 0) 


Emitter-Base Breakdown Voltage 
(IE = 100 uwAdc, Ic = 0) 


Collector Cutoff Current 


(VcB = 30 Vdc, Ig = 0) 
ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 5.0 mAdc, Vcg = 10 Vdc) 


Collector-Emitter Saturation Voltage 


2 eee ie 


(l¢ = 10 mAdc, Ip = 1.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product - 
(I¢ = 5.0 mAdc, Vcg = 10 Vdc, f = 100 MHz) 


Output Capacitance 


(VcB = 10 Vdc, Ip = 0, f = 100 kHz) 
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MOTOROLA SEMICONDUCTORS 


MPSA75 
MPSA76 
MPSA77 


MAXIMUM RATINGS 


[Rating | Symbol] PSA75| MPSA76| MPEAT? 
[alecortmiter Votage | Vers | 40 | 50 

fensomvetge vag [se 
a 


Total Device Dissipation 
@ Tp = 25°C 625 mW 
Derate above 25°C 5.0 mWw/°C 
Operating and Storage Junction TJ, Tstg —55 to +150 
Temperature Range 


THERMAL CHARACTERISTICS 


Characteristic Symbol | Max | Unit 
Thermal! Resistance, Junction to Ambient 


CASE 29-02 
TO-92 (TO-226AA) 


DARLINGTON TRANSISTOR 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CES 
(I¢ = 100 »Adc, Vee = 0) MPSA75 
MPSA76 
MPSA77 


| Collector-Base Breakdown Voltage V(BR)CBO 
| (Ic = 100 pAdc, IE = 0) MPSA75 
| : : MPSA76 

MPSA77 


Collector Cutoff Current 
(Vcp = 30V, Ie = 0) MPSA75 
(Vcp = 40 V, IE = 0) ; MPSA76 
(Vcp = 50V, Ip = 0) - MPSA77 


Collector Cutoff Current 
(VcE = 30 V, VBE = 0) MPSA75 
(VcE = 40 V, Veg = 0) MPSA76 
(VcE = 50 V, Vee = 0) MPSA77 


ON CHARACTERISTICS 


DC Current Gain hFE 
(I¢ = 10 mA, VcgE = 5.0 V) 10,000 
(I¢ = 100 mA, VcgE = 5.0 V) 10,000 
Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 100 mA, Ip = 0.1 mAdc) 
Base-Emitter On Voltage 
(I¢ = 100 mA, Voge = 5.0 Vdc) 


_ SMALL-SIGNAL CHARACTERISTICS 
Current Gain — High Frequency 


(I¢ = 10 mA, VcE = 5.0 V, f = 100 MHz) 
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MPSA75, MPSA76, MPSA77 


FIGURE 1 — DC CURRENT GAIN 
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MPSA92 
MPSA93 | MAXIMUM RATINGS 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 

Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


HIGH VOLTAGE 
TRANSISTOR 


PNP SILICON 


THERMAL CHARACTERISTICS 


Symbol | Max | Unit_ | 
Thermal Resistance, Junction to Case R@Jc | ga. | ecw CO 
Thermal Resistance, Junction to Ambient R@JA F200 ecw 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit __| 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vdc 
(I¢ = 1.0 mAdc, Ig = 0) MPSA92 300 
MPSA93 200 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 100 wAdc, IE = 0) MPSA92 300 
MPSAQ3 200 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 100 pAdc, Ic = 0) 
Collector Cutoff Current 


(Vcp = 200 Vdc, Ig MPSA92 
(VcB = 160 Vdc, IE MPSA93 


Emitter Cutoff Current 
(VBE = 3.0 Vdc, Ic = 0) 


ON CHARACTERISTICS(1) 


DC Current Gain 
(I¢ = 1.0 mAdc, Vce = 10 Vde) Both Types 
(Ic = 10 mAdc, Vce = 10 Vdc) Both Types 


(Ic = 30 mAde, VcE = 10 Vdc) MPSAQ2 
MPSA93 


Collector-Emitter Saturation Voltage 
(Ic = 20 mAdc, Ip = 2.0 mAdc) MPSA92 


VCE(sat) Vde 
MPSA93 
Base-Emitter Saturation Voltage VBE(sat) Vdc 
(I¢ = 20 mAdc, Ig = 2.0 mAdc) 


_ SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 10 mAdc, Vcg = 20 Vdc, f = 100 MHz) 


Collector-Base Capacitance 
(VcB = 20 Vdc, Ie = 0, f = 1.0 MHz) MPSA92 
MPSA93 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MPSA92, MPSA93 


FIGURE 1 —DC CURRENT GAIN 
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100 eee 2 M0 ota ee 
— ry = o3 oe a>. ea ee 
oH SAE eee ee At 
¢ COATT) @ pat Nt 
= aa 
Cea CUM tec 
ee eo 1 LI TL TENT 
=< EEE EN Hh i ee age ie a SHAE 
S sop z po 
oO Coen 2 | < 4 
SSE St K 
a oT PS 
TI AMIE EUITe il: 
> 0 
"O702 05 1072050 1020. 60 100 200 500 1000 ~~ 10 2.0 5.0 10 20 50 100 
Vp, REVERSE VOLTAGE (VOLTS) Ic, COLLECTOR CURRENT (mA) 


FIGURE 5 — ACTIVE-REGION SAFE 
FIGURE 4 — “ON” VOLTAGES OPERATING AREA 


eee: sen 500 SSS J 


eal HH eae er STR) TTI q 
2 Lf veceveesmy So WU LIN 
= a ati = =o _— 
< a ce 60 ee eee 
Ss - 
> oO 
= = = ao}. 625 mWTHERMAL SRS TN 
a o LIMITATION @ Ta = 25°C \ 
a 2 — - — BONDING WIRE LIMITATION SETA RS 
—— fe ——sezoND BREAKOOWN PSE 
oe ae Tm tit 3 Ty= 150°C 
1.0 2.0 20 100 30 5.0 10 20 30 ~3©50 100 200 300 
Ic, COLLECTOR CURRENT (mA) Veg, COLLECTOR-EMITTER VOLTAGE (VOLTS) 
SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


2-211 


elie. (Shree REE SE a 2 Es 


NPN 
MPSD05 

PNP 
MPSD55 — 


MAXIMUM RATINGS 


Rating 


CASE 29-02, STYLE 1 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C ‘ 


Total Device Dissipation @ Tc = 25°C Watts 
Derate above 25°C mwWw/°C 
Operating and Storage Junction Tj, Tstg | +55 to +150 °C 
; Temperature Range 
THERMAL CHARACTERISTICS 


| Characteristic | Symbol | Max | Unit 
Thermal Resistance, Junction to Case ReJc 


Thermal Resistance, Junction to R@JA °C/W 
Ambient(1) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | Max | Unit _ | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc : 
(I¢ = 1.0 mAdc, Ig = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(ic = 10 pAdc, Ie = 0) 


TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


Refer to 2N4400 for MPSD05 graphs.* 


Collector Cutoff Current 
(VcE = 20 Vdc) 


Collector Cutoff Current 
(VcB = 20 Vdc, Ie = 0) 


Emitter Cutoff Current 
(VEB = 3.0 Vde, Ic = 0) 


ON CHARACTERISTICS(2) 


DC Current Gain 
(I¢ = 50 mAdc, VcE = 5.0 Vdc) 
(I¢ = 100 mAdc, Vce = 5.0 Vdc) 


hFE | 
50 
: 80 
(Ic = 500 mAdc, Vcge = 5.0 Vdc) 30 


Collector-Emitter Saturation Voltage | VcE(sat) Vdc. 
(l¢ = 100 mAdc, Ip = 10 mAdc) 

SMALL-SIGNAL CHARACTERISTICS , 

Current-Gain — Bandwidth Product (Ic = 50 mAdc, Vce = 10 Vdc, | 


f = 100 MHz) 


(1) Raja is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
*Refer to 2N4402 for MPSD55 graphs. 
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MAXIMUM RATINGS MPSHO2 


CASE 29-02, STYLE 2 
TO-92 (TO-226AA) 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


AMPLIFIER TRANSISTOR 


NPN SILICON 


THERMAL CHARACTERISTICS 


Symbol 
Thermal Resistance, Junction to Case Re@Jc 83.3 °C/ mW 
Thermal Resistance, Junction to Ambient ReJA(i) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 20 Vdc 
(i¢ = 1.0 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage V(BR)CBO 20 Vdc 
(I¢ = 100 wAdc, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 100 wAdc, Ic = 0) 
Collector Cutoff Current ICBO nAdc 
(VcB = 10 Vde, IE = 0) 
ON CHARACTERISTICS 


DC Current Gain hfe 
(I¢ = 4.0 mAdc, VcE = 10 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 4.0 mAdc, Vcge = 10 Vdc, f = 100 MHz) 


Collector-Base Capacitance 


(Veg = 10 Vdc, Ig = 0, f = 1.0 MHz) 


Noise Figure 
(VAGC = 1.4 Vde, Rg = 50 Ohms, f = 200 MHz) 


FUNCTIONAL TEST 


Amplifier Power Gain 
(VAGC = 1.4 Vdc, Rs = 50 Ohms, f = 200 MHz) 
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Gee, POWER GAIN (dB) 


MPSH02 


AGC CHARACTERISTICS (Vcc = 12 Vdc, Rs = 50 Ohms, f = 200 MHz, See Figure 9) 
“FIGURE 1 — POWER GAIN FIGURE 2 — NOISE FIGURE 


NF, NOISE FIGURE (dB) 


1.0 2.0 3.0 4.0 5.0 6.0 


Vacc, AUTOMATIC GAIN CONTROL VOLTAGE (VOLTS) Vac, AUTOMATIC GAIN CONTROL VOLTAGE (VOLTS) 


COMMON-EMITTER y PARAMETERS (Ic = 4.0 mAdc, Vcg = 10 Vdc, Ta = 25°C) 


FIGURE 3 — INPUT ADMITTANCE FIGURE 4 — REVERSE TRANSFER ADMITTANCE 
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COMMON-EMITTER y PARAMETERS 
(Ic = 4.0 mAdc, Veg = 10 Vde, Ta = 25°C) 


FIGURE 5 — FORWARD TRANSFER ADMITTANCE FIGURE 6 — OUTPUT ADMITTANCE 
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MPSH02 


FIGURE 7 — DC CURRENT GAIN FIGURE 8 — COLLECTOR-BASE CAPACITANCE 
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MPSH04 
MPSH05 MAXIMUM RATINGS 


Rating 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 

Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 


AMPLIFIER TRANSISTOR 


NPN SILICON 


Thermal Resistance, Junction to Case °C/W 
Thermal Resistance, Junction to Ambient Re@JA(1) °C/W 


(1) RajJA is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO Vdc 
(Ic = 1.0 mAdc, Ig = 0) 


OFF CHARACTERISTICS 


Collector-Base Breakdown Voltage V(BR)CBO Vde 
(I¢ = 100 wAdc, Ie = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 100 uAdc, Ic = 0) 
Collector Cutoff Current ICBO nAdc - 
(VcB = 60 Vdc, IE = 0) 
Emitter Cutoff Current nAdc 
(VEB = 3.0 Vdc, Ic = 0) 
ON CHARACTERISTICS 
DC Current Gain hFE 
(I¢ = 1.5 mAdc, VceE = 10 Vdc) MPSH04 30 120 
MPSH05 30 150 
Collector-Emitter Saturation Voltage VCE(sat) 0.25 Vdc 
(Ic = 10 mAdc, Ip = 1.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 
Crrent-Gain — Bandwidth Product 
(I¢ = 1.5 mAdc, VceE = 10 Vdc, f = 100 MHz) 
Collector-Base Capacitance 
(VcpB = 10 Vdc, f = 1.0 MHz) 


Output Admittance 
(Ic = 1.5 mAdc, Vce = 10 Vde, f = 1.0 kHz) 


Noise Figure 
(I¢ = 1.5 mAdc, Vce = 10 Vdc, Rs = 50 ohms, f = 1.0 MHz) MPSH04 


(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MPSH07 
MPSH08 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Rating Symbol 
VCEO 
VCBO 
Emitter-Base Voltage VEBO 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Operating and Storage Junction Ty, Tstg 
Temperature Range 


FM/VHF TRANSISTOR 
THERMAL CHARACTERISTICS 


' NPN SILICON 
[Characteristic ————=—~=«|“Symmbot_ [Max [Unit 
Thermal Resistance, Junction to Case RgJc 357 °C/W 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(Ic = 1.0 mAdc, Ig = 0) 

Collector-Base Breakdown Voitage V(BR)CBO Vdc 
(I¢ = 100 Adc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 100 wAdc, Ic = 0) 

Collector Cutoff Current ICBO nAdc 
(VcB = 15 Vdc, IE = 0) 

ON CHARACTERISTICS 


DC Current Gain 

(I¢ = 3.0 mAdc, Vcfe = 10 Vdc) 
Base-Emitter On Voltage 

(I¢ = 3.0 mAdc, VcgE = 10 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product fT 
(Ic = 3.0 mAdc, Vce = 10 Vde, f = 100 MHz) 

Collector-Emitter Capacitance Coe pF 

(VcE = 10 Vdc, Ig = 0, f = 1.0 MHz, base guarded) (Crp) 
Noise Figure 
(I¢ = 3.0 mAdc, Vcg 
(I¢ = 3.0 mAdc, VcB 
FUNCTIONAL TEST 
Common-Emitter Amplifier Power Gain 


(ic = 3.0 mAdc, Vcp = 10 Vdc, Rg = 50 Ohms, f = 100 MHz) MPS-HO7 
(ic = 3.0 mAdec, Vcp = 10 Vdc, Rg = 50 Ohms, f = 200 MHz) MPS-HOos: 


10 Vdc, Rg = 50 Ohms, f = 100 MHz) MPS-H07 
10 Vdc, Rg = 50 Ohms, f = 200 MHz) MPS-H08 


Hol 


Forward AGC Current 
(Gain Reduction = 30 dB, Rg = 50 Ohms, f = 100 MHz) MPS-H07 
(Gain Reduction = 30 dB, Rs = 50 Ohms, f = 200 MHz) MPS-H08 
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AGC CHARACTERISTICS 
~ = 10 Vdc, Re = 50 Ohms, See Figure 9 


oS 
- 


TUN TT: 
CCC : 


WW 
S 
=z 
£ = S Ww BRRSAR ANGE) 
oO - oo Oo ro) 
S = 2. \ 
2 # a _ Z 
im = aS 
| ~s ¢ ~ ¢ = re 
oO = 
= uu. og QO Sw 
= BR Tf : Es = = \ _5 
> 
es == < of = 2° 
< if - 2 - 
o uw ES -O 
oO re) wi 
2 cS ” ow =o 
= fom zs l + 3 
< ae a) © x4 
= > 3 +f oe 
a2 Ww 2 5 oa 
E r S 
< z 
So ¢ ° = 
“2 w = : 
> 
9 
Ts 


” r = 
aa -_ 
iT S 
- O oO 
Ww OS . geez e28 
q, 2 ‘aie 
Pr < | (soyww) JONVILINGV LAdLNO “A 
a 
> g | 
Ww 
yn? 
x f=] 
S _ 
a= 5 
2 u fo) 
Oo - oe 2 
5 oY CCR ° 
oO co 


SMALL-SIGNAL DEVICES 


2-218 


Sateen GAIN CONTROL CURRENT (mA) 
FIGURE 3 — INPUT ADMITTANCE 
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FIGURE 5 — FORWARD TRANSFER ADMITTANCE 
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MPSH07, MPSH08 


FIGURE 7 — COLLECTOR-BASE TIME CONSTANT FIGURE 8 — CURRENT-GAIN BANDWIDTH PRODUCT 
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FIGURE 9 — 100-MHz AND 200-MHz COMMON-BASE AMPLIFIER 


JOHANSON 
TRIMMER 


1000 pF 


1000 pF 


OUTPUT 


OMIT FOR | 
200 MHz TEST 
FREQUENCY 
100 MHz — L!— 11 TURNS NO. 16 AWG, 4” 1.D., 
TAPPED % TURNS FROM COLD END. 
200 MHz — L2 —-6 TURNS NO. 16 AWG, %” I.D., 
TAPPED % TURNS FROM COLD END. 
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MPSH10 
MPSH11 
. MAXIMUM RATINGS 


Collector-Base Voltage VcBO Vde 


Total Device Dissipation @ Ta = 25°C 350 mw 
Derate above 25°C 2.8 mWw/°C 


CASE 29-02, STYLE 2 
TO-92 (TO-226AA) 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction TJ, Tstg | —55 to +150 °C 
Temperature Range ee 


VHF/UHF TRANSISTOR 


NPN SILICON 


Thermal Resistance, Junction to Case 
Thermal Resistance, Junction to Ambient 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | Max | Unit _ | 
OFF CHARACTERISTICS . 


Collector-Emitter Breakdown Voltage V(BR)CEO 25 Vde 
(Ic = 1.0 mAdc, Ig = 0) 

Collector-Base Breakdown Voltage ‘| V(BR)CBO Vde 
(Ic = 100 wAdc, Ig = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 3.0 Vde 
(IE = 10 Ade, Ic = 0) 


Collector Cutoff Current 
(VcB = 25 Vde, Ie = 0) 


Emitter Cutoff Current 
(VBE = 2.0 Vde, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain | hee 
(Ic = 4.0 mAdc, VcgE = 10 Vdc) 
Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(Ic = 4.0 mAdc, Ip = 0.4 mAdc) | 
Base-Emitter On Voltage VBE Vdc 
(I¢ = 4.0 mAdc, Vcge = 10 Vdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 4.0 mAdc, Vcge = 10 Vdc, f = 100 MHz) 


Collector-Base Capacitance 
(VcB = 10 Vde, Ie = 0, f = 1.0 MHz) 


Common-Base Feedback Capacitance 
(Vcp = 10 Vdc, Ie = 0, f = 1.0 MHz) MPS-H10 
MPS-H11 


Collector Base Time Constant 
(Ic = 4.0 mAdc, Vcp = 10 Vdc, f = 31.8 MHz) 
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MPSH10, MPSH11 


COMMON-BASE y PARAMETERS versus FREQUENCY 
(VcB = 10 Vdc, Ic = 4.0 mAdc, Ta = 25°C) 


Yib- INPUT ADMITTANCE 
FIGURE 1 — RECTANGULAR FORM FIGURE 2 — POLAR FORM 
0 

(ee ey ee 
E one 
: a ee 

= ra 
= Ral he ae ee 
= 3 Oa Sa a 
~~ ee cae es ae 
Pico | aa PS 
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f, FREQUENCY (MHz) Jib (mmhos) 


COMMON-BASE y PARAMETERS versus FREQUENCY 
(VcB = 10 Vdc, Ic = 4.0 mAdc, Ta = 25°C) 


Yfb- FORWARD TRANSFER ADMITTANCE 


FIGURE 3 — RECTANGULAR FORM 


jbfp (mmhos) 


Yfb, FORWARD TRANSFER ADMITTANCE (mmhos) 
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Yrbp REVERSE TRANSFER ADMITTANCE 


FIGURE 5 — RECTANGULAR FORM FIGURE 6 — POLAR FORM 
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MPSH10, MPSH11 


Yob, OUTPUT ADMITTANCE 


FIGURE 7 — RECTANGULAR FORM 


FIGURE 8 — POLAR FORM 
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MPSH17 


CASE 29-02, STYLE 2 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Symbol 

Collector-Emitter Voltage VCEO 

Collector-Base Voltage VcBo 
5.0 


Emitter-Base Voltage VEBO 


Total Device Dissipation @ Ta = 25°C 625 
Derate above 25°C mWw/°C 


Operating and Storage Junction 
Temperature Range 


CATV TRANSISTOR 


THERMAL CHARACTERISTICS 
NPN SILICON 


Thermal Resistance, Junction to Ambient RJA 200 °C/W 
(Printed Circuit Board Mounting) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


fp haracteristic | Symbot_ | Min | typ | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(I¢ = 1.0 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage V(BR)CBO 20 Vde 
(I¢ = 100 »Adc, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 10 wAde, Ic = 0) 
Collector Cutoff Current ICBO nAdc 
(VcB = 15 Vdc, IE = 0) 


ON CHARACTERISTICS 


DC Current Gain hee 
(I¢ = 5.0 mAdc, VcgE = 10 Vde) 

Collector-Emitter Saturation Voltage VCE(sat) Vde 
(i¢ = 10 mAdc, lp = 1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 5.0 mAdc, VcgE = 10 Vdc, f = 100 MHz) 


Collector-Base Capacitance 
(Vcg = 10 Vdc, f = 1.0 MHz) 


Small-Signal Current Gain 
(I¢ = 5.0 mAdc, Vcge = 10 Vdc, f = 1.0 kHz) 


Noise Figure 
(I¢ = 5.0 mAdc, Vcc = 12 Vde, Rs = 50 ohms, f = 200 MHz) 


FUNCTIONAL TEST 


Amplifier Power Gain 


(I¢ = 5.0 mAdc, Vcc = 12 Vde, Rg = 50 ohms, f = 200 MHz) 
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MPSH20 MAXIMUM RATINGS . 


Rating 


CASE 29-02, STYLE 2 
TO-92 (TO-226AA) 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


VHF TRANSISTOR 


NPN SILICON 


THERMAL CHARACTERISTICS 


Characteristic Symbol 
Thermal Resistance, Junction to Case R@Jc | 33 | oc OC 
Thermal Resistance, Junction to Ambient R@JA 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 
Colliector-Emitter Breakdown Voltage V(BR)CEO 30 Vde 
(I¢ = 1.0 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage V(BR)CBO 40 Vdc 
(Ic = 100 pAdc, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
_ (Ie = 10 pAdc, Ic = 0) 


Collector Cutoff Current 
(VcB = 15 Vdc, Ig = 0) 


ON CHARACTERISTICS 


DC Current Gain hFE 
(Ic = 4.0 mAdc, Veg = 10 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 4.0 mAdc, Vcgé = 10 Vdc, f = 100 MHz) 


Collector-Base Capacitance 
(VcB = 10 Vde, Ie = 0, f = 1.0 MHz) 


Collector Base Time Constant 
(le = 4.0 mAdc, Vcp = 10 Vdc, f = 31.8 MHz) 


Conversion Gain (213 to 45 MHz) 
(I¢ = 4.0 mAdc, VcE = 10 Vdc, Oscillator 
Injection = 200 mVdc) 
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MPSH20 


CONVERSION GAIN CHARACTERISTICS 
(TEST CIRCUIT FIGURE 9) 


FIGURE 1 — VARIATION WITH COLLECTOR CURRENT FIGURE 2 — VARIATION WITH INJECTION LEVEL 
40 
VcE = 10 Vde eld 
Oscillator Injection = 200 mV i ae 35 VCE = 10 Vde 
ie ab ae eee 
= fig = 213 MHz S 30 a : 
3 hie = 45 MHz = flip = 45 MHz 
oe ae 7 
[4s] 
peat ” 
2 ddl Z 
> > 15 
: oa : 
Q 7 
3 al ae 3 10 
° ae i 
5.0 
Ei 
0 1.0 2.0 3.0 4.0 5.0 
Ic, COLLECTOR CURRENT (mAdc) Vj, OSCILLATION INJECTION (mV) 


COMMON-EMITTER y PARAMETERS 
(Ic = 4.0 mAdc, Vcg = 10 Vdc, Ta = 25°C) 


FIGURE 3 — INPUT ADMITTANCE FIGURE 4 — REVERSE TRANSFER ADMITTANCE 


Vie. INPUT ADMITTANCE (mmhos) 
Yre, REVERSE TRANSFER ADMITTANCE (mmhos) 


100 200 300 400 
f, FREQUENCY (MHz) f, FREQUENCY (MHz) 


COMMON-EMITTER y PARAMETERS 
(Ic = 4.0 mAdc, Vcg = 10 Vdc, Ta = 25°C) 


FIGURE 5 — FORWARD TRANSFER ADMITTANCE FIGURE 6 — OUTPUT ADMITTANCE 
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a 


fT, CURRENT-GAIN—BANDWIDTH PRODUCT (MHz) 


MPSH20 


FIGURE 7 — CURRENT-GAIN—BANDWIDTH PRODUCT 
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SMALL-SIGNAL DEVICES 


MPSH24 


CASE 29-02, STYLE 2 


MAXIMUM RATINGS TO-92 (TO-226AA) 
Rating 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


VHF TRANSISTOR 


NPN SILICON 


THERMAL CHARACTERISTICS 


| Characteristic | Symbol | Max | Unit 
Thermal Resistance, Junction to Ambient 357 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


a 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(I¢ = 1.0 mAdc, Ig = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(I¢ = 100 wAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 10 wAdc, ic = 0) ; 

Collector Cutoff Current ICBO nAdc 
(Vcg = 15 Vdc, Ie = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 8.0 mAdc, VcE = 10 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 8.0 mAdc, Vcg = 10 Vde, f = 100 MHz) 


Collector-Base Capacitance 
(VcB = 10 Vdc, IE = 0, f = 1.0 MHz) 


Conversion Gain 
(213 MHz to 45 MHz) 
(I¢ = 8.0 mAdc, Vcc = 20 Vdc, Oscillator Injection = 150 mVrms) 
(60 MHz to 45 MHz) 
(I¢ = 8.0 mAdc, Vcc = 20 Vdc, Oscillator Injection 


150 mVrms) 
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MPSH24 


CONVERSION GAIN CHARACTERISTICS 


(TEST CIRCUIT FIGURE 7) 


RL 


20 Vdc, Rs = = 


(Vcc 


50 Ohms, fjf = 44 MHz, B.W. = 6.0 MHz) 


FIGURE 2 — CONVERSION GAIN versus INJECTION LEVEL 


FIGURE 1 — CONVERSION GAIN versus COLLECTOR CURRENT 
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Vj, OSCILLATOR INJECTION (mV) 


Ic, COLLECTOR CURRENT (mAdc) 


25°C) 


COMMON-EMITTER y PARAMETERS 
(VceE = 15 Vdc, Ta 


FIGURE 4 — REVERSE TRANSFER ADMITTANCE 


FIGURE 3 — INPUT ADMITTANCE 
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FIGURE 6 — OUTPUT ADMITTANCE 


FIGURE 5 — FORWARD TRANSFER ADMITTANCE | 


f = 45 MHz 


PNEEEN HE 
TEN ITER: 
‘COCPNELN: 


fom] 
foo] wo N Cc =+ 
N 


(soyww) JONVILINOV Y34ISNVUL OXVMYOS A 


Ic, COLLECTOR CURRENT (mAdc) 


Ic, COLLECTOR CURRENT (mAdc) 


SMALL-SIGNAL DEVICES 


MOTOROLA SEMICONDUCTORS 


2-228 


MPSH24 


FIGURE 7 — VHF MIXER TEST CIRCUIT 
(fi¢ = 44 MHz, B.W. = 6.0 MHz) 
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MPSH30 
MPSH31 


MAXIMUM RATINGS 
Rating 


CASE 29-02, STYLE 2 
TO-92 (TO-226AA) 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 

Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


IF AMPLIFIER TRANSISTOR THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case Rg@jc 
Thermal Resistance, Junction to Ambient RgJA(1) | 200s | ecw CO” 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | | Symbol | min | Max | Unit _| 
OFF CHARACTERISTICS . 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(I¢ = 1.0 mAdc, Ig = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(I¢ = 100 pAdc, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(le = 100 wAdc, Ic = 0) 
Collector Cutoff Current 
(VcB = 10 Vde, Ie = 0) 


~ ON CHARACTERISTICS 


DC Current Gain . hFE 
(l¢ = 4.0 mAdc, Vcg = 5.0 Vdc) | 
Collector-Emitter Saturation Voltage VCE(sat) Vde 
(I¢ = 10 mAdc, Ip = 5.0 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) Vde 
(I¢ = 10 mAdc, Ip = 5.0 mAdc) 


_' SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 4.0 mAdc, VcgE = 10 Vdc, f = 100 MHz) 


Collector-Base Capacitance 
(Veg = 10 Vdc, Ile = 0, f = 1.0 MHz, emitter guarded) 


Noise Figure 
(VAGC = 2.75 Vdc, Rg = 50 ohms, f = 45 MHz) 


FUNCTIONAL TESTS 


Power Gain 
(VAGC = 2.75 Vde, Rg = 50 ohms, f = 45 MHz) 


Forward AGC Voltage 
(Gain Reduction = 30 dB, Rg = 50 ohms, f = 45 MHz) MPS-H30 
MPS-H31 


(1) RaJA is measured with the device soldered into a typical printed circuit board. 


MOTOROLA SEMICONDUCTORS : | SMALL-SIGNAL DEVICES 


2-230 


MPSH32 


CASE 29-02, STYLE 2 
MAXIMUM RATINGS TO-92 (TO-226AA) 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Operating and Storage Junction TJ, Tstg | —55 to +135 °C 
Temperature Range 


THERMAL CHARACTERISTICS 


Characteristic 
Thermal Resistance, Junction to Case 
Thermal Resistance, Junction to Ambient RJA 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol _| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Ic = 1.0 mAdc, Ip = 0) V(BR)CEO | 30 | hv — | hd 
Collector-Base Breakdown Voltage (Ic = 100 wAdc, IE = 0) V(BR)CBO | 40 | 


Emitter-Base Breakdown Voltage (I— = 100 pAdc, Ic = 0) V(BR)EBO 
Collector Cutoff Current (VcB = 10 Vdc, Ip = 0) ICBO 
ON CHARACTERISTICS 


DC Current Gain (Ic = 4.0 mAdc, VcE = 5.0 Vdc) | ohee =| a7 | 5 | 00 S| 
Collector-Emitter Saturation Voltage. (Ic = 10 mAdc, Ip = 5.0 mAdc) | 45 | 30 | Vde | 

| Base-Emitter Saturation Voltage (Ic = 10 mAdc, Ig = 5.0mAdc) | Vets) | — | 09 | 12 | vac_| 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(i¢ = 4.0 mAdc, Vcge = 10 Vdc, f = 100 MHz) 


Collector-Base Capacitance 
(VcB = 10 Vdc, IE = 0, f = 1.0 MHz) (Emitter Guarded) 


Noise Figure (lE~4.0 mAdc, VcE~9.3 Vdc, VAGC = 2.75 Vdc, 
Rs = 50 Ohms, f = 45 MHz) 


FUNCTIONAL TEST 


Amplifier Power Gain 
(IE~4.0 mAdc, VcE~9.3 Vde, VAGC = 2.75 Vde, 
Rs = 50 Ohms, f = 45 MHz) 


Forward AGC Voltage 
(Gain Reduction = 30 dB, Rs = 50 Ohms, f = 45 MHz) 


SUMMARY-COMMON EMITTER PARAMETERS (Vce = 10 Vdc, Ic = 4.0 mAdc, f = 45 MHz) 


Finput Conductance «dai | | 
input Capacitance ———SSSSCSC~SsC‘“‘~*~*s*~“~*~sS*S~S~d gg Pe 
[Forward Transfer Admitance Megnitude —————SSSCS~S~S nel | | | | 
[Forward Transfer Admittance Phase Angle ———SSS~S~S~S~sC te | Se | |r 
Feedbock Capacitance SSSCSC*~“~*~“‘*~*~*~“‘“dSC dP dr 
[Output Conductance tg | i | 
[ouput Copatcance ——SSSOSCS~SS ap] te 


eon = gle “ ~ pee ea 


Gum = lytel2 
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| MPSH32 


AGC CHARACTERISTICS 
Vcc = 12 Vdc, Rs = 50 Ohms, f = 45 MHz, See Figure 10 


FIGURE 1 — POWER GAIN FIGURE 2 — NOISE FIGURE 


CCP 
COCA Ee 
AT 


Gpe, POWER GAIN (dB) 
NF, NOISE FIGURE (dB) 


0 1.0 2.0 3.0 4.0 5.0 6.0 
VAGC, AUTOMATIC GAIN CONTROL VOLTAGE (VOLTS) VAGC, AUTOMATIC GAIN CONTROL (VOLTS) 


COMMON-EMITTER y PARAMETERS 
VCE = 10 Vdc, f = 45 MHz, Ta = 25°C 


‘FIGURE 3 — INPUT ADMITTANCE FIGURE 4 — REVERSE TRANSFER ADMITTANCE 


Vie, INPUT ADMITTANCE (mmhos) 
Yre. REVERSE TRANSFER ADMITTANCE (mmhos) 


0 2.0 4.0 6.0 8.0 10 12 
Ic, COLLECTOR CURRENT (mAdc) Ic, COLLECTOR CURRENT (mAdc) 
FIGURE 5 — FORWARD TRANSFER ADMITTANCE FIGURE 6 — OUTPUT ADMITTANCE 


Yfe, FORWARD TRANSFER ADMITTANCE (mmhos) 


0 2.0 4.0 6.0 8.0 10 12 0 2.0 4.0 6.0 8.0 10 12 
ic, COLLECTOR CURRENT (mAdc) ic, COLLECTOR CURRENT (mAdc) 
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FIGURE 7 — DC CURRENT GAIN 


FIGURE 8 — COLLECTOR-BASE CAPACITANCE 
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FIGURE 9 — CURRENT-GAIN—BANDWIDTH PRODUCT 


ff, CURRENT-GAIN—BANDWIDTH PRODUCT (MHz) 


Ic, COLLECTOR CURRENT (mAdc) 


FIGURE 10 — 45 MHz FUNCTIONAL TEST CIRCUIT 
(UNNEUTRALIZED) 
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_ MPSH34- | 


CASE 29-02, STYLE 2 


| = TO-92 (TO-226AA) MAXIMUM RATINGS 


Rating 


' Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Operating and Storage Junction TJ, Tstg | —55 to +135 °C 
Temperature Range 


IF TRANSISTOR 


NPN SILICON THERMAL CHARACTERISTICS 


Symbot_| Max | Unit 
Thermal Resistance, Junction to Ambient R@JA °C/W 


Refer to MPSH24 for graphs. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage | V(BR)CEO Vdc 
(I¢ = 1.0 mAdc, Ig = 0) 
Collector-Base Breakdown Voltage | V(BR)CBO Vde 
(ic = 100 wAdec, le = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(Ile = 10 wAdc, Ic = 0) 
Collector Cutoff Current ICBO nAdc 
(VcgB = 30 Vde, IE = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 7.0 mAdc, VcgE = 15 Vdc) 
(I¢ = 20 mAdc, VcgE = 2.0 Vdc) 


Collector-Emitter Saturation Voltage VCE(sat) Vde 
(I¢ = 20 mAdc, Ip = 2.0 mAdc) 
Base-Emitter On Voltage . VBE(on) ee: Vdc 
(I¢ = 7.0 mAdc, VcE = 15 Vdc) 
_ SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 15 mAdc, Vcg = 15 Vde, f = 100 MHz) 


Collector-Base Capacitance 


(Vcp = 10 Vdc, IE = 0, f = 1.0 MHz) 


Current-Gain — Bandwidth Ratio 
(Ic = 15 mAdc to Ic = 20 mAdc, VcE = 15 Vdc) 


MOTOROLA SEMICONDUCTORS | SMALL-SIGNAL DEVICES 


2-234 


MIPSHS4 


MAXIMUM RATINGS MPSH55 


Collector-Emitter Voltage VCEO a ee Vdc 
Emitter-Base Voltage VEBO | 40 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 1.5 Watt 
Derate above 25°C 12 mWw/°C 

Operating and Storage Junction TJ, Tstg | —55 to +150 °C 
Temperature Range 

THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case Rec | 3.3 | cw CO” 
Thermal Resistance, Junction to Ambient ReJA(1) 


(1) RgjA is measured with the device soldered into a typical printed circuit board. 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


[SSSS~SCharactrcte «Sym | Min | te] Moe | Ue 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(I¢ = 1.0 mAdc, IB = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(I¢ = 100 wAdc, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 100 pAdc, Ic = 0) 
Collector Cutoff Current | ICBO nAdc 
(VcB = 60 Vdc, Ig = 0) 
Emitter Cutoff Current nAdc 
(VERB = 3.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 1.5 mAdc, Vcfe = 10 Vdc) MPSH54 
MPSH55 


Collector-Emitter Saturation Voltage 
(I¢ = 10 mAdc, lg = 1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 


fT 
Collector-Base Capacitance Cob pF 
(VcB = 10 Vdc, f = 1.0 MHz) 
Output Admittance hoe pmhos 
(Ic = 1.5 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 
Noise Figure | NF 
(I¢ = 1.5 mAdc, Vcg = 10 Vdc, Rs = 50 ohms, f = 1.0 MHz) MPSH54 
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2 cea bane Aisa Eden tone 


MPSHS1 


CASE 29-02, STYLE 2 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 
Rating 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


RF AMPLIFIER TRANSISTOR 


PNP SILICON 


THERMAL CHARACTERISTICS 


[| _—__Characteristic =| “Symbol | = Max | __ Unit 
Thermal Resistance, Junction to Ambient 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Collector-Emitter Breakdown Voltage 


V(BR)CEO Vde 
(Ic = 1.0 mAdc, Ig = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(i¢ = 10 wAdc, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vde . 
(IE = 10 wAdc, Ic = 0) 
Collector Cutoff Current ICBO nAdc 
(VcB = 10 Vdc, IE = 0) 
Emitter Cutoff Current 100 nAdc 
(VBE = 2.0 Vdc, Ic = 0) 
ON CHARACTERISTICS 
. DC Current Gain hFE 
(I¢ = 5.0 mAdc, VcE = 10 Vdc) 
Collector-Emitter Saturation Voltage VCE(sat) Vde 
(I¢ = 5.0 mAdc, Ip = 0.5 mAdc) 
Base-Emitter On Voltage 
(I¢ = 5.0 mAdc, VcE = 10 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain —- Bandwidth Product 
(Ic = 5.0 mAdc, VcE = 10 Vde, f = 100 MHz) 


Collector-Base Capacitance 


OFF CHARACTERISTICS 


(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 


Collector-Emitter Capacitance 
(Ip = 0, Veg = 10 Vdc, f = 1.0 MHz) 
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MPSH81 


TYPICAL COMMON-BASE y-PARAMETERS 
(Vcpg = 10 Vdc, Ta = 25°C, Frequency Points in MHz) 


FIGURE 1 — INPUT ADMITTANCE FIGURE 2 — REVERSE TRANSFER ADMITTANCE 


Cla 
Serre 
Vi oe ee 


bib, (mmhos) 
brb, (mmhos) 
' 1 i) 


Gib, (mmhos) Grb, (mmhos) 


FIGURE 3 — FORWARD TRANSFER ADMITTANCE FIGURE 4 — OUTPUT ADMITTANCE 


bfb, (mmhos) 
bob, (mmhos) 


9fb, (mmhos) Job. (mmhos) 


FIGURE 5 — CURRENT-GAIN — BANDWIDTH PRODUCT 


ff, CURRENT-GAIN — BANDWIDTH PRODUCT (MHz) 


ic, COLLECTOR CURRENT (mA) 
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| DC Current Gain(1) 
(Ic = 10 mAdc, Vcg = 5.0 Vdc) 


MAXIMUM RATINGS 


MPSLO1 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


Emitter-Base Voltage 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


AMPLIFIER TRANSISTOR 


NPN SILICON 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case 


Thermal Resistance, Junction to Ambient R@JA 


Refer to 2N5550 for graphs. 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot_| min [Max | unit 


Collector-Emitter Breakdown Voitage(1) V(BR)CEO Vdc 
(Ic = 1.0 mAdc, Ig = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(I¢ = 100 pAdc, Ie = 0) 
Emitter-Base Breakdown Voltage — V(BR)EBO Vde 
(IE = 10 wAdc, Ic = 0) 
Collector Cutoff Current ICBO pAdc 
(VcB = 75 Vdc, Ie = 0) 
Emitter Cutoff Current nAdc 
(VER = 4.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 


OFF CHARACTERISTICS 


Collector-Emitter Saturation Voltage . VCE(sat) Vde 
(I¢ = 10 mAdc, Ig = 1.0 mAdc) 0.20 
(I¢ = 50 mAdc, Ig = 5.0 mAdc) -0.30 
Base-Emitter Saturation Voltage VBE(sat) p- fa f * 


(I¢ = 10 mAdc, Ip = 1.0 mAdc) 
(I¢ = 50 mAdc, Ip = 5.0 mAdc)(1) 


; SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(1) 
(Ic = 10 mAdc, VcE = 10 Vdc, f = 100 MHz) 


Collector-Base Capacitance 


(VcB = 10 Vde, Ig = 0, f = 1.0 MHz) 


Small-Signal Current Gain 
(I¢ = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
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MAXIMUM RATINGS M PSL5 1 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C . 
Total Device Dissipation @ Tc = 25°C 

Derate above 25°C 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


PNP SILICON 


Characteristic 
Thermal Resistance, Junction to Case 
Thermal Resistance, Junction to Ambient R@JA 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit 


Refer to 2N5400 for graphs. 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vde 
(I¢ = 1.0 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 100 pAdc, Ip = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 10 pAde, Ic = 0) 
Collector Cutoff Current ICBO pAdc 
(VcB = 50 Vdc, Ie = 0) 
Emitter Cutoff Current nAdc 
(VBE = 3.0 Vdc, Ic = 0) 


ON CHARACTERISTICS(1) 


(Ic = 50 mAdc, Ip = 5.0 mAdc) 
Current-Gain — Bandwidth Product fT 
(I¢ = 10 mAdc, Vcg = 10 Vdc, f = 100 MHz) 


DC Current Gain(1) hFEe 
(I¢ = 50 mAdc, Vcg = 5.0 Vdc) 
Base-Emitter Saturation Voltage 
(I¢ = 10 mAdc, |p = 1.0 mAdc) 
Output Capacitance Cobo pF 
(VcB = 10 Vde, IE = 0, f = 1.0 MHz) 


Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(Ic = 10 mAdc, Ip = 1.0 mAdc) 
VBE(sat) Vde 
(Il¢ = 50 mAdc, Ip = 5.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 
(Ic = 1.0 mAdc, VcgE = 10 Vde, f = 1.0 kHz) . 
(1) Pulse Test: Pulse Test = 300 us, Duty Cycle = 2.0%. 
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MAXIMUM RATINGS 


MPSWO1 
MPSWO1A 


Collector-Emitter Voltage 


CASE 29-03, STYLE 1 
TO-92 (TO-226AE) 


Derate above 25°C 


Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


HIGH CURRENT TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


MPSW01 
MPSWO1A 


Emitter-Base Voltage 
Collector Current — Continuous x le 


Total Device Dissipation @ Ta = 25°C 


Total Device Dissipation @ Tc = 25°C 


Thermal Resistance, Junction to Case 


Thermal Resistance, Junction to Ambient ReJA | 125 | cw 


Characteristic | Symbol | Min | Max | Unit __ 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vdc 
(Ic = 10 mAdc, Ig = 0) MPSW01 
MPSW01A 
Collector-Base Breakdown Voltage V(BR)CBO Vde 
(ic = 100 wAde, Ie = 0) MPSW01 
MPSW01A 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 100 wAdc, Ic = 0) 


OFF CHARACTERISTICS 


Collector Cutoff Current 
(Vcp = 30 Vdc, Ie = 0) MPSW01 
(Vcg = 40 Vdc, Ig = 0) MPSW01A 


Emitter Cutoff Current 
(VEB = 3.0 Vdc, Ic = 0) 

ON CHARACTERISTICS(1) 

DC Current Gain 
(I¢ = 10 mAdc, VcE = 1.0 Vdc) 
(I¢ = 100 mAdc, VcE = 1.0 Vdc) 
(I¢ = 1000 mAdc, VcgE = 1.0 Vdc) 


Collector-Emitter Saturation Voltage 
(I¢ = 1000 mAdc, Ip = 100 mAdc) 


Base-Emitter On Voltage 
(Ic = 1000 mAdc, Vce = 1.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 50 mAdc, VcE = 10 Vdc, f = 20 MHz) 


| Output Capacitance 
(VcB = 10 Vdc, IE = 0, f = 1.0 MHz) 


(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 
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SMALL-SIGNAL DEVICES 


MPSW01, MPSWO1A 


hee. CURRENT GAIN 


V, VOLTAGE (VOLTS) 


fy, CURRENT-GAIN-BANDWIDTH PRODUCT (MHz) 


FIGURE 1 — DC CURRENT GAIN 
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FIGURE 3 — ON VOLTAGES 
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FIGURE 5 — CURRENT GAIN-BANDWIDTH PRODUCT 


Ceti te tf iil 
Tien ed 
2 ae 
een ie 


y 
as 
es 
i 
mie 


2 


100 200 
Fee COLLECTOR CURRENT (mA) 


SMALL-SIGNAL DEVICES 


000 


2-241 


Voce, COLLECTOR VOLTAGE (VOLTS) 


6Vpg, TEMPERATURE COEFFICIENT (mV/°C) 


1 


C, CAPACITANCE (pF) 


0 


FIGURE 2 — COLLECTOR SATURATION REGION 
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FIGURE 4 — TEMPERATURE COEFFICIENT 
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FIGURE 6 — CAPACITANCE 
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FIGURE 7 — ACTIVE REGION-SAFE sien AREA 
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MPSW05 


MAXIMUM RATINGS 

MPswos] MPswos MPSWO06 
| Collector-Emitter Voltage | “ceo | 60 | 80 | Vac _| 
| Collector-Base Voltage | “cw | 80 | 80 
Emitter-Base Voltage 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 

|  Derate above 25°C 

Operating and Storage Junction TJ, Tstg ~55 to +150 °C 
Temperature Range 

THERMAL CHARACTERISTICS 


Symbol 
Thermal Resistance, Junction to Case Re@jc 


Thermal Resistance, Junction to Ambient R@JA 125 °C/W 


CASE 29-03, STYLE 1 
TO-92 (TO-226AE) 


3s 
ofl 
6 ® 


AMPLIFIER TRANSISTOR 


NPN SILICON 


2 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) oo 


Pp haracteristic | Symbol | Min | Max | Unit 


V(BR)CEO Vdc . 
60 
80 
(VcE = 40 Vdc, Ip = 0) MPSW05 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(I¢ = 1.0 mAdc, Ig = 0) MPSW05 
MPSW06 


Emitter-Base Breakdown Voltage 
(le = 100 pAdc, Ic = 0) 


Collector Cutoff Current 


ICEO pAdc 
(VcE = 60 Vdc, Ip = 0) MPSW06 
Collector Cutoff Current af ICBO pAdc 
(VcB = 40 Vdc, IE = 0) MPSW05 
(VcB = 60 Vdc, Ie = 0) MPSW06 
ON CHARACTERISTICS(1) 
DC Current Gain hrE 
80 
(I¢ = 250 mAdc, Vcg = 1.0 Vdc) 60 
Collector-Emitter Saturation Voltage VCE(sat) Vde 
(I¢ = 250 mAdc, Ip = 10 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 


Emitter Cutoff Current pAdc — 
(VEB = 3.0 Vdc, Ic = 0) . 
(I¢ = 50 mAdc, VcgE = 1.0 Vdc) 

Base-Emitter Saturation Voltage VBE(sat) Vdc 
(I¢ = 250 mAdc, Vcg = 5.0 Vdc) 
(I¢ = 200 mAdc, Vcg = 5.0 Vdc, f = 20 MHz) 


Output Capacitance . 
(VcB = 10 V, f = 1.0 MHz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


2-243 


Pacts anni et A a Semana tn 


MAXIMUM RATINGS 


MPSW10 


~ CASE 29-03, STYLE 1 
TO-92 (TO-226AE) 


Collector Current — Continuous 
Total Device Dissipation @ Ta = 25°C 


Derate above 25°C oe 
Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
Operating and Storage Junction TJ, Tstg | —55 to +150 °C 
Temperature Range 
HIGH VOLTAGE TRANSISTOR THERMAL CHARACTERISTICS 3 


| Characteristic | Symbol | Max | 
Thermal Resistance, Junction to Case R@Jc a ee ee 
Thermal Resistance, Junction to Ambient | Raa | 128 «| cw CO” 


Refer to MPSW42 for graphs. 
ELECTRICAL CHARACTERISTICS (Ta, = 25°C unless otherwise noted.) 


Characteristic | Symbot_| Min | Max | Unit _| 
OFF CHARACTERISTICS . 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vdc 
(I¢ = 1.0 mAdc, IB = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(I¢ = 100 Adc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(le = 100 pAdc, Ic = 0) 
(I¢ = 10 mAdc, VcgE = 10 Vdc) 


Collector Cutoff Current 
(Veg = 200 Vdc, IE = 0) 
hFE 
25 
40 
(I¢ = 30 mAdc, VcE = 10 Vdc) 40 
Collector-Emitter Saturation Voltage VCE(sat) 0.75 Vdc 
(I¢ = 30 mAdc, Ip = 3.0 mAdc) 
Base-Emitter On Voltage | VBE(on) Vdc 
(I¢ = 30 mAdc, VcE = 10 Vdc) . 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 10 mAdc, VcE = 20 Vdc, f = 20 MHz) 


Emitter Cutoff Current 
(VEB = 6.0 Vdc, Ic = 0) 


ON CHARACTERISTICS(1) 


DC Current Gain 
(I¢ = 1.0 mAdc, VcE = 10 Vdc) 


Collector-Base Capacitance 
(VcB = 20 Vdc, IE = 0, f = 1.0 MHz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


2-244 


MPSWi3 


MAXIMUM RATINGS MPSW14 
[GolsctorEmiter Vottage ———SSCS*dtC ces |e 


CASE 29-03, STYLE 1 
TO-92 (TO-226AE) 


Total Device Dissipation @ Ta = 25°C 


Derate above 25°C 


DARLINGTON TRANSISTOR 


NPN SILICON 


Characteristic Symbol 
_| Thermal Resistance, Junction to Case ReJc 
Thermal Resistance, Junction to Ambient RJA 4 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CES Vdc 
(Ic = 100 wAdc, Veg = 0) 

Collector Cutoff Current ICBO nAdc 
(VcB = 30 Vdc, IE = 0) 

Emitter Cutoff Current lEBO nAdc 
(VER = 10 Vdc, Ic = 0) 
(Ic = 100 mAdc, VcgE = 5.0 Vdc) MPSW13 


ON CHARACTERISTICS(1) 


DC Current Gain 
(I¢ = 10 mAdc, VcE = 5.0 Vdc) MPSW13 
MPSW14 

Collector-Emitter Saturation Voltage VCE(sat) Vde 

(I¢ = 100 mAdc, Ip = 0.1 mAdc) 
Base-Emitter On Voltage VBE(on) Vde , 

(I¢ = 100 mAdc, VcE = 5.0 Vdc) 
SMALL-SIGNAL CHARACTERISTICS | 
Current-Gain — Bandwidth Product(2) 


5000 
10,000 


(Ic = 10 mAdc, VcgE = 5.0 Vde, f = 100 MHz) 


(1) Pulse Test: Pulse Width =< 300 us, Duty Cycle < 2.0%. 
(2) fr = lhfel ° ftest- 
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MPSW13, MPSW14 


V, VOLTAGE (VOLTS) 


FIGURE 1 — ACTIVE REGION SAFE OPERATING AREA 
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FIGURE 2 — DC CURRENT GAIN 
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Vce. COLLECTOR EMITTER VOLTAGE (VOLTS) 


vy, TEMPERATURE COEFFICIENTS (mV/°C) 


FIGURE 3 — COLLECTOR-SATURATION REGION 
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FIGURE 7 — CAPACITANCE 
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MPSW42 
MPSW43 MAXIMUM RATINGS 


CASE 29-03, STYLE 1 
-TO-92 (TO-226AE) 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


HIGH VOLTAGE 
TRANSISTOR THERMAL CHARACTERISTICS 


Symbol | Max | Unit _ | 
Thermal Resistance, Junction to Case ReJc a ee eee 


Thermal! Resistance, Junction to Ambient R@JA 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | Max | Unit 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vdc 
(Ic = 1.0 mAdc, Ip = 0) MPSW42 300 
MPSW43 200 _ | 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(I¢ = 100 wAdc, Ig = 0) MPSW42 300 
MPSW43 200 . 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(iE = 100 wAdc, Ic = 0) 


Collector Cutoff Current 
(VcB = 200 Vdc, Ig = 0) MPSW42 
(VcB = 160 Vdc, IE = 0) MPSW43 
Emitter Cutoff Current 


(VER = 6.0 Vde, Ic = 0) | MPSW42 
(VEB = 4.0 Vdc, Ic = 0) MPSW43 


ON CHARACTERISTICS 
DC Current Gain 
(I¢ = 1.0 mAdc, Vcg = 10 Vdc) Both Types 
(I¢ = 10 mAdc, Vege = 10 Vdc) Both Types 40 
(I¢ = 30 mAdc, VcE = 10 Vdc) MPSW42 40 
MPSW43 40 


Collector-Emitter Saturation Voltage 
(I¢ = 20 mAdc, Ig = 2.0 mAdc) MPSW42 


VCE(sat) Vde 
MPSW43 
Base-Emitter Saturation Voltage : . VBE(sat) Vdc 
(I¢ = 20 mAdc, Ip = 2.0 mAdc) : 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 10 mAdc, VcE = 20 Vdc, f = 20 MHz) 


Collector-Base Capacitance _ 
(VcB = 20 Vdc, le = 0, f = 1.0 MHz) MPSW42 
; MPSW43 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MPSW42, MPSW43 


FIGURE 1 — D.C. CURRENT GAIN FIGURE 2 — COLLECTOR SATURATION REGION 
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MPSW42, MPSW43 


ACTIVE REGION SAFE OPERATING AREA 
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MPSW45 


CASE 29-03, STYLE 1 
TO-92 (TO-226AE) 


MAXIMUM RATINGS 


| Rating | Symbol | Value | Unit 
| Collector-Emitter Voltage | Mces_ | 40 | de 
| Collector-Base Voltage | Vcpo | 80 | 
[EmitterBase Voltage | Vewo | 12 |e 
[Collector Current— Continuous | ig | 0 


_ Total Device Dissipation @ Ta = 25°C 1.0 Watt 
Derate above 25°C 8.0 mW/°C 
Total Device Dissipation @ Tc = 25°C Watts 
Derate above 25°C mWw/°C 
Operating and Storage Junction TJ, Tstg | —55 to +150 °C 
Temperature Range 
THERMAL CHARACTERISTICS 


| Characteristic =|“ Symbol | = Max | Unit 
Thermal Resistance, Junction to Case ReJc 60s ecw CS 
Thermal Resistance, Junction to Ambient | Raa | 128 | cw CF 


RJA 


DARLINGTON TRANSISTOR 


NPN SILICON 


Refer to 2N6426 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta, = 25°C unless otherwise noted.) 


Symbol | Min | Max | Unit __| 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CES Vdc 
(Ic = 100 wAdc, Veg = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vde 
(I¢ = 100 pAdc, Iz = 0) . 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 10 wAdc, Ic = 0) 

Collector Cutoff Current ICBO nAdc 
(VcB = 30 Vdc, IE = 0) 
(I¢ = 500 mAdc, Vcg = 5.0 Vdc) 


Emitter Cutoff Current 
150,000 
(I¢ = 1.0 Adc, Vce = 5.0 Vdc) aad 


(VER = 10 Vde, Ic = 0) 

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(I¢ = 1.0 Adc, Ig = 2.0 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 2.0 Vdc 
(I¢ = 1.0 Adc, lg = 2.0 mAdc) . 

Base-Emitter On Voltage ; VBE(on) Vde 
(i¢ = 1.0 Adc, Vcge = 5.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 200 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 


ON CHARACTERISTICS(1) 


DC Current Gain 
(I¢ = 200 mAdc, Vcg = 5.0 Vdc) 


Collector-Base Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MAXIMUM RATINGS 


psetng Smet [vate [it 


Collector-Emitter Voltage VcEO 
30 
40 
| VCBO 
MPSW51 


Emitter-Base Voltage Yep0 eso 0 fe 
| Collector Current — Continuous | mAdc | 


Total Device Dissipation @ Ta = aee 1. a Watt 
Derate above 25°C 8.0 mW/°C 
Total Device Dissipation @ Tc = 25°C Watts 
Derate above 25°C mWw/°C 
Operating and Storage Junction TJ, Tstg | —55 to +150 °C 
Temperature Range 
THERMAL abebeksiebbetlcd ls 


[Characteristic ———~—~—S=«| “Symbol | Max | Unit 
Thermal Resistance, Junction to Case RgJc a ee ee 
Thermal Resistance, Junction to Ambient R@JA ee ee 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


a 


OFF CHARACTERISTICS 
_ Pe [-|[*) 
(I¢ = 100 pAdc, ie = 0) MPSW51 


Collector-Emitter Breakdown Voltage(1) 
(I¢ = 1.0 mAdc, lp = 0) MPSW51 
V(BR)CBO Vde 
MPSW51A 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 100 pAde, Ic = 0) 


MPSW51A 
Collector Cutoff Current 


(VcR = 30 Vde, Ie = 0) MPSW51 
(VcB = 40 Vdc, IE = 0) MPSW51A 


Emitter Cutoff Current pAdc 
(VEB = 3.0 Vde, Ic = 0) 

ON CHARACTERISTICS(1) 

DC Current Gain 
(Ic = 10 mAdc, Vcg£ = 1.0 Vdc) 


(I¢ = 100 mAdc, Vcge = 1.0 Vdc) 
(I¢ = 1000 mAdc, Vcg = 1.0 Vdc) 


Collector-Emitter Saturation Voltage VCE(sat) 0.7 Vdc 
(I¢ = 1000 mAdc, Ig = 100 mAdc) 

Base-Emitter On Voltage VBE(on) Vdc 
(Ic = 1000 mAdc, Veg = 1.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 50 mAdc, Vcg = 10 Vde, f = 20 MHz) 


MPSW51 
MPSW51A 


MPSW51 
MPSW51A 


Collector-Base Voltage 


CASE 29-03, STYLE 1 
TO-92 (TO-226AE) 


HIGH CURRENT TRANSISTOR 


PNP SILICON 


Collector-Base Breakdown Voltage 


Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 


(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 
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MPSW51, MPSW51A 


FIGURE 1 — DC CURRENT GAIN FIGURE 2 — COLLECTOR SATURATION REGION 
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MPSW51, MPSW51A 


FIGURE 7 — ACTIVE REGION-SAFE OPERATING AREA 
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MOTOROLA SEMICONDUCTORS 
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MPSW55 
MPSW56 


CASE 29-03, STYLE 1 
TO-92 (TO-226AE) 


MAXIMUM RATINGS 


Collector Current — Continuous Ic 


Total Device Dissipation @ Ta = 25°C 


Watt 
Derate above 25°C mW/°C 


1.0 
8.0 
Total Device Dissipation @ Tc = 25°C [ae 2.5 
20 


Derate above 25°C 


THERMAL CHARACTERISTICS AMPLIFIER TRANSISTOR 


| Characteristic | Symbol | Max | Unit 
Thermal Resistance, Junction to Case R@Jc a ee eee 


Thermal Resistance, Junction to Ambient R@JA °C/W 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


fp haracteristic | Symbot_ | min | ax [unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(i¢ = 1.0 mAdc, Ip = 0) MPSW55 
MPSW56 


PNP SILICON 


Emitter-Base Breakdown Voltage 
(IE = 100 wAdc, Ic = 0) 


Collector Cutoff Current 
(VcE = 40 Vdc, Ip = 0) MPSW55 
(VcE = 60 Vdc, Ip = 0) MPSW56 


Collector Cutoff Current 
(VcB = 40 Vdc, IE = 0) MPSW55 
(VcB = 60 Vdc, IE = 0) MPSW56 


Emitter Cutoff Current 
(VERB = 3.0 Vde, Ic = 0) 


ON CHARACTERISTICS(1) 


DC Current Gain 
(I¢ = 50 mAdc, VcE = 1.0 Vdc) 


hFE 
80 
(I¢ = 250 mAdc, Vcge = 1.0 Vdc) 50 
Collector-Emitter Saturation Voltage VCE(sat) Vde 
(l¢ = 250 mAdc, lp = 10 mAdc) 
Base-Emitter On Voltage VBE(on) 1.2 Vde 
(I¢ = 250 mAdc, Vcg = 5.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 250 mAdc, VcgE = 5.0 Vde, f = 100 MHz) 


Output Capacitance 
(VcB = 10 Vdc, f = 1.0 MHz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MPSW55, MPSW56. > 


FIGURE 1 — D.C. CURRENT GAIN 
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FIGURE 2 — COLLECTOR SATURATION REGION FIGURE 3 — ON VOLTAGES 
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MPSW55, MPSW56 


FIGURE 6 — CURRENT GAIN - BANDWIDTH PRODUCT | FIGURE 7 — ACTIVE REGION - SAFE OPERATING AREA 
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~ MPSW60 


CASE 29-03, STYLE 1 
TO-92 (TO-226AE) 


MAXIMUM RATINGS 


Rating | Symbol | Value | Unit 
| Emitter-Base Voltage | Vewo | 80 |e 
[Collector Current —Continuous | tc | 800 | Ade 


Total Device Dissipation @ Ta = 25°C 1.0 Watt 
Derate above 25°C 8.0 mWw/°C 
Total Device Dissipation @ Tc = 25°C Watts 
Derate above 25°C mW/°C 
Operating and Storage Junction Ty, Tstg | —55 to +150 
; Temperature Range | 
HIGH VOLTAGE 


TRANSISTOR THERMAL CHARACTERISTICS 


PNP SILICON Characteristic Symbol | Max | Unit _ | 
Thermal Resistance, Junction to Case R@Jc a ee ee 
Thermal Resistance, Junction to Ambient R@JA | 125 | ecw 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vde 
(Ic = 1.0 mAdc, lg = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(I¢ = 100 »Adc, Ie = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(le = 10.0 Ade, Ic = 0) 


Collector Cutoff Current ICBO pAdc 
(VcgB = 200 Vde, ig = 0) 

Emitter Cutoff Current 
(VBE = 3.0 Vde, Ic = 0) 

hFE 

(I¢ = 10 mAdc, Vcg = 10 Vdc) 
(I¢ = 30 mAdc, VcgE = 10 Vdc) 

Coilector-Emitter Saturation Voltage VCE(sat) 0.75 Vde 
(I¢ = 20 mAdc, Ig = 2.0 mAdc) 

Base-Emitter On Voltage VBE(on) Vde 
(I¢ = 20 mAdc, VcE = 10 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 10 mAdc, VcE = 20 Vde, f = 20 MHz) 


Refer to MPSW92 for graphs. 


ON CHARACTERISTICS(1) 


DC Current Gain 
(I¢ = 1.0 mAdc, VcgE = 10 Vdc) 


Collector-Base Capacitance 
(VcB = 20 Vdc, IE = 0, f = 10 MHz) 


(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 
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MAXIMUM RATINGS 


Collector-Emitter Voltage 
Collector-Base Voltage 


Emitter-Base Voltage 


CASE 29-03, STYLE 1 
TO-92 (TO-226AE) 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


. . 


Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS DARLINGTON TRANSISTOR 
| Characteristic =| Symbol | = Max | 
| Thermal Resistance, Junction toCase | Rac | 50 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


PNP SILICON 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CES Vdc 
(I¢ = 100 wAdc, Vege = 0) 
Collector Cutoff Current ICBO nAdc 
(VcB = 30 Vdc, IE = 0) 
Emitter Cutoff Current nAdc 
(VEB = 10 Vdc, Ic = 0) 
MPSW63 


ON CHARACTERISTICS(1) 


DC Current Gain 
(I¢ = 10 mAdc, VcE = 5.0 Vdc) MPSW63 
MPSW64 
Collector-Emitter Saturation Voltage VCE(sat) Vde 
(I¢ = 100 mAdc, Ip = 0.1 mAdc) 
Base-Emitter On Voltage VBE(on) Vdc 
(I¢ = 100 mAdc, Vcg£ = 5.0 Vdc) 
SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product(2) 


10,000 


(ic = 100 mAdc, Vc = 5.0 Vdc) 


(ic = 10 mAdc, Vcg = 5.0 Vdc, f = 100 MHz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
(2) fr = [hfel ° ftest- 
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MPSW63, MPSW64 


TYPICAL ELECTRICAL CHARACTERISTICS 


FIGURE 1 — DC CURRENT GAIN 
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FIGURE 4 — TEMPERATURE COEFFICIENTS 
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FIGURE 3 — COLLECTOR SATURATION REGION 
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SMALL-SIGNAL DEVICES 


MPSW63, MPSW64 


C, CAPACITANCE (pF) 


FIGURE 6 — CAPACITANCE 


& & 
(OCI 
ET NAT] 
i tee LUM TT 
CT oe COCO 
Oe 
. 20.3 0. 0 3. 10 2 


2.03.0 5.0 0 30 


Vp. REVERSE VOLTAGE (VOLTS) 


SMALL-SIGNAL DEVICES 


2-261 


Ic. COLLECTOR CURRENT (mA) 


FIGURE 7 — ACTIVE REGION, SAFE OPERATING AREA 
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MOTOROLA SEMICONDUCTORS 


MPSW92 
MPSW93 | MAXIMUM RATINGS 


CASE 29-03, STYLE 1 
TO-92 (TO-226AE) 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


HIGH VOLTAGE 
TRANSISTOR THERMAL CHARACTERISTICS 


| Characteristic | Symbol | Max | Unit _| 
Thermal Resistance, Junction to Case R@Jc | b0s«| ecw 
Thermal Resistance, Junction to Ambient R@JA | 128 | ecw 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit _| 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(Ic = 1.0 mAdc, Ig = 0) MPSW92 
MPSWS93 


Collector-Base Breakdown Voltage V(BR)CBO 
(I¢ = 100 wAdc, IE = 0) MPSWS92 300 
MPSW93 200 


Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(l— = 100 pAdc, Ic = 0) 


Collector Cutoff Current 
(VcB = 200 Vdc, IE = 0) MPSW92 
(VcB = 160 Vdc, Ig = 0) MPSW$93 


Emitter Cutoff Current 
(VER = 3.0 Vdc, Ic = 0) 


ON CHARACTERISTICS(1) 


DC Current Gain 


(I¢ = 1.0 mAdc, VcE = 10 Vdc) Both Types 
(i¢ = 10 mAdc, Vcg = 10 Vdc) Both Types 
(Ic = 30 mAdc, Vcg = 10 Vdc) MPSW92 


MPSW93 


Coliector-Emitter Saturation Voltage 
(I¢ = 20 mAdc, Ip = 2.0 mAdc) MPSW92 
MPSW93 


Base-Emitter Saturation Voltage 
(I¢ = 20 mAdc, Ip = 2.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(i¢ = 10 mAdc, VcgE = 20 Vdc, f = 20 MHz) 


Coliector-Base Capacitance 
(VcB = 20 Vdc, Ie = 0, f = 1.0 MHz) MPSW92 
MPSW93 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MPSW92, MPSW93 


FIGURE 1 — D.C. CURRENT GAIN FIGURE 2 — COLLECTOR SATURATION REGION 
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MPSW92, MPSW93 


FIGURE 7 — ACTIVE REGION SAFE OPERATING AREA 


4 
£ 
—l 
. wd 
= 
@ 
= 
| 
x) 
i 


-~—=—=—-= Thermal Limit 


Second Breakdown Limit 


(vw) INIHUND HOL937109 ‘9 


Veg. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


SMALL-SIGNAL DEVICES 


MOTOROLA SEMICONDUCTORS 


2-264 


MSD6100 


CASE 29-02, STYLE 3 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


[Rating «dC yb 


Recurrent Peak Forward Current | 200 

Peak Forward Surge Current lIFM(surge) 
(Pulse Width = 10 usec) 

Power Dissipation @ Ta = 25°C 
Derate above 25°C 

Operating and Storage Junction TJ, Tstg(1) | —55 to +135 °C 
Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


J Characteristic | Symbol 


Breakdown Voltage V(BR) Vde 
(I(BR) = 100 wAdc) 


Reverse Current pAdc 
(VR = 100 Vdc) 
(VR = 50 Vdc) 

(VR = 50 Vdc, Ta = 125°C) 


Forward Voltage 
(l—- = 1.0 mAdc) 
(le = 10 mAdc) 

(Ie = 100 mAdc) 


Capacitance Cc 
(VR = 0) 
Reverse Recovery Time 


(Ie = IR = 10 mAdc, VR = 5.0 Vdc, ip = 1.0 mAdc) 


(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as follows: Pp = 1.0 W @ Tc = 25°C, 
Derate above 25°C — 8.0 mW/C, Ty = —65 to +150°C, gjc = 125°C/W. 


Value 


DUAL SWITCHING DIODE 
COMMON CATHODE 
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MSD6102 


CASE 29-02, STYLE 3 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Rating 


Peak Forward Surge Current aa 
(Pulse Width = 10 ps) 

Power Dissipation @ Ta = 25°C Pp(1) mW 
Derate above 25°C mw/°c 

Operating and Storage Junction TJ, Tstg(1) | —55 to +135 
Temperature Range 


(1) Continuous package improvements have enhanced these guaranteed Maximum 
Ratings as follows: Pp = 1.0 W @ Tc = 25°C, Derate above 25°C — 8.0 mW/°C, 
Ty = —65 to +150°C, gjc = 125°C/W. 


DUAL DIODE 
COMMON CATHODE 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 
Characteristic 


Breakdown Voltage 
(I(BR) = 100 wAdc) 
Reverse Current 
(VR = 50 Vdc) 


Forward Voltage 
(I-F = 10 mAdc) 


Capacitance 
(VR = 0) 


Reverse Recovery Time 
(IF = IR = 10 mAdc, VR = 5.0 Vde, irr = 1.0 mAdc) 
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MSD6150 


CASE 29-02, STYLE 4 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Reverse Voltage 
Peak Forward Recurrent Current | ip | 
Peak Forward Surge Current IFM(surge) DUAL DIODE 


(Pulse Width = 10 us) COMMON ANODE 
Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
Operating and Storage Junction 
Temperature Range 


Characteristic | Symbol | Min | Typ | Mex | Unit 
Breakdown Voltage V(BR) 70 Vdc 
((BR) = 100 wAdc) 
Reverse Current 0.1 pAdc 
(VR = 50 Vdc) 
Forward Voltage VF 0.80 1.0 Vdc 
(l—F = 10 mAdc) 


(VR = 0) 


Reverse Recovery Time 
(IF = IR = 10 mAdc, VR = 5.0 Vdc, irr = 1.0 mAdc) 


(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as follows: Pp = 1.0 W @ Tc = 25°C, Derate 
above 8.0 mW/°C, Pp = 10 W @ Tc = 25°C, Derate above 80 mW/°C, Ty, Tstg = —55 to + 150°, gJc = 12.5°C/W, aya = 125°C. 
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CASE 318 
TO-236AA 


TO-236AB 


CASE 345-01 


A wide variety of discrete components from Motorola’s rep- 
ertoire of reliability-proven semiconductor processes and geom- 
etries are available in the SOT-23 and SOT-89 packages. Prod- 
ucts include Bipolar and Field-Effect Transistors, Switching, 
Zener and Varactor Diodes. 

As an additional service to our customers SOT-23’s are avail- 
able in: 

@ 8 mm tape and reel 


@ reverse pinout 


@ standard profile (TO-236AA) or 
low profile (TO-236AB) 
Contact your Motorola representative for ordering information. 


Microminature 
Products 


BCW29,30 


CASE 318-02/03, STYLE 6 MAXIMUM RATINGS 
SOT-23 (TO-236AA/AB) 


Collector-Emitter Voltage VCEO a ae 


Collector-Base Voltage VcBO 
Emitter-Base Voltage VEBO | 50 
Collector Current — Continuous | tc =—6[ 0 


THERMAL sue eee 


| Characteristic | Symbol | Max | Unit _| 
*Total Device Dissipation, Ta = 25°C mw 
Derate above 25°C mWw/°C 


Storage Temperature | stg | 150 | 


GENERAL PURPOSE TRANSISTOR 


PNP SILICON 


*Thermal Resistance Junction to Ambient R@JA | 387 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


Refer to 2N5086 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


ee ae ee ee 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(I¢ = 2.0 mAdc, IE = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES Vdc 
(Ic = 100 pAdc, Veg = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(I¢ = 10 pAde, Ic = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 

(IE = 10 pAdc, Ic = 0) 


Collector Cutoff Current 
(VcB = 20 Vdc, Ig = 0) 
(VcB = 20 Vdc, Ie = 0, Ta = 100°C) 
ON CHARACTERISTICS 
DC Current Gain hreE | 
(I¢ = 2.0 mAdc, Vcge = 5.0 Vdc) 120 260 
215 500 | 
Collector-Emitter Saturation Voltage . VCE(sat) Vde 
(l¢ = 10 mAdc, Ip = 0.5 mAdc) 
Base-Emitter On Voltage VBE(on) 0.75 Vdc 
(I¢ = 2.0 mAdc, VcE = 5.0 Vdc) 
SMALL-SIGNAL CHARACTERISTICS 
Output Capacitance 
(IE = 0, VcE = 10 Vdc, f = 1.0 MHz) 


Noise Figure 
(I¢ = 0.2 mAdc, Vcg = 5.0 Vde, Rg = 2.0 kO, f = 1.0 kHz, 
BW = 200 Hz) 
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MAXIMUM RATINGS CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


Collector-Base Voltage 
Emitter-Base Voltage 


Collector Current — Continuous Lie | 


THERMAL CHARACTERISTICS 


Ic 
Characteristic | Symbol 
*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


GENERAL PURPOSE TRANSISTOR 
NPN SILICON 


Storage Temperature Tstq 


*Thermal Resistance Junction to Ambient R@JA 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


Refer to MPS3904 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Pe haracteristic SS L Symbot | Min | Max | Unit 


OFF CHARACTERISTICS | 
Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(Ic = 2.0 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vde 
(i¢ = 10 wAdc, Ip = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 10 wAdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 2.0 mAdc, VcE = 5.0 Vdc) 


Collector-Emitter Saturation Voltage 
(I¢ = 10 mAdc, Ip = 0.5 mAdc) 


Base-Emitter On Voltage © 
(I¢ = 2.0 mAdc, VcgE = 5.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(le = 0, VcB = 10 Vdc, f = 1.0 MHz) 


Noise Figure 
(I¢ = 0.2 mAdc, Vcg = 5.0 Vde, Rs = 2.0 kQ, 
f = 1.0 kHz, BW = 200 Hz) 
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BCW60A,B,C,D 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) MAXIMUM RATINGS 


GENERAL PURPOSE TRANSISTOR 


NPN SILICON 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


Storage Temperature | Teta | 150 =| oc | 
*Thermal Resistance Junction to Ambient 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


Refer to MPS3904 for graphs. 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Po Characteristic | Symmbot | Min | Max | Unit | 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
' (i¢ = 2.0 mAdc, Ig = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
! (le = 1.0 wAde, Ic = 0) 


Collector Cutoff Current 
(VcE = 32 Vdc) 
(VcE = 32 Vdc, Ta = 150°C) 


Emitter Cutoff Current 
(VER = 4.0 Vde, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 10 wAde, VcE = 5.0 Vdc) BCW60A 
BCW60B 
BCW60C 
BCW60D 


(ic = 2.0 mAde, VcE = 5.0 Vdc) BCW60A 
BCW60B 
BCW60C 
BCW60D 


(ic = 50 mAdc, VcE = 1.0 Vdc) BCW60A 
BCW60B 
BCW60C 
BCW60D 


(ic = 2.0 mAdc, VcE = 5.0 Vde, f = 1.0 kHz) BCW60A 
BCW60B 
BCW60C 
BCW60D 


Collector-Emitter Saturation Voltage VCE(sat) 
(I¢ = 50 mAdc, Ip = 1.25 mAdc) 
(I¢ = 10 mAdc, Ip = 0.25.mAdc) 


Base-Emitter Saturation Voltage VBE(sat) 
(I¢ = 50 mAdc, Ip = 1.25 mAdc) 
(I¢ = 50 mAdc, Ip = 0.25 mAdc) 


Base-Emitter On Voltage 
(I¢ = 2.0 mAdc, VcE = 5.0 Vdc) 
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BCW60A,B,C,D 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 
a a em! eee in ae 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 10 mAdc, Vcg = 5.0 Vdc, f = 1.0 MHz) 


Output Capacitance 


(VcE = 10 Vdc, Ic = 0, f = 1.0 MHz) 


Noise Figure 
(I¢ = 0.2 mAdc, Vcg = 5.0 Vde, Rs = 2.0 kO, 
f = 1.0 kHz, BW = 200 Hz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(i¢ = 10 mAdc, Ip1 = 1.0 mAdc) 


Turn-Off Time 
(Igp2 = 1.0 mAdc, Vag = 3.6 Vdc, Ry = Rg = 5.0 kO, 
RL = 990 Q) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


- BCW61A,B,C,D 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


GENERAL PURPOSE TRANSISTOR 


PNP SILICON 


Refer to 2N5086 for graphs. 


MAXIMUM RATINGS 


ee tang [Se [vn [oa 
Collector-Emitter Voltage VCEO | 2 


Collector-Base Voltage VcBO | 32, Vide 
Emitter-Base Voltage VEBO | 50 | 


Collector Current — Continuous 


THERMAL CHARACTERISTICS 


|___— Characteristic | Symbol | Max | Unit _ | 


mW/°C 


Derate above 25°C 
| Tstg | 150 | ce 


Storage Temperature 
*Thermal Resistance Junction to Ambient ee ee ee 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


po Characteristic Symbol | Min | Max | Unit 


| OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 2.0 mAdc, Ig = 0) 


Emitter-Base Breakdown Voltage 
| (IE = 1.0 Ade, Ic = 0) 


| Collector Cutoff Current 
| (VcE = 32 Vdc) 
| (VcE = 32 Vdc, Ta = 150°C) 


ON CHARACTERISTICS 


| DC Current Gain 
| (Ic = 10 wAdc, VcE = 5.0 Vdc) 


(ic = 2.0 mAdc, Vcg = 5.0 Vdc) 
(Ic = 50 mAdc, VcE = 1.0 Vdc) 


(ic = 2.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 


Collector-Emitter Saturation Voltage 
(Ic = 50 mAdc, Ip = 1.25 mAdc) 
(I¢ = 10 mAdc, Ip = 0.25 mAdc) 


Base-Emitter Saturation Voltage 
(I¢ = 50 mAdc, Ip = 1.25 mAdc) 
(I¢ = 10 mAdc, Ig = 0.25 mAdc) 


Base-Emitter On Voltage 


(I¢ = 2.0 mAdc, VcE = 5.0 Vdc) 


BCW61A 
BCW61B 
BCW61C 
BCW61D 


BCW61A 
BCW61B 
BCW61C 
BCW61D 


BCW61A 
BCW61B 
BCW61C 
BCW61D 


BCW61A 
BCW61B 
BCW61C 
BCW61D 


VCE(sat) 


— Bo 
i o 1.05 
0.85 


VBE(sat) 


MOTOROLA SEMICONDUCTORS 


SMALL-SIGNAL DEVICES 


BCW61A,B,C,D 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


po Charactoristic | Symbot | Min | Max | Unit 


SMALL SIGNAL CHARACTERISTICS 


Output Capacitance 
(VcE = 10 Vdc, Ic = 0, f = 1.0 MHz) 


Noise Figure 
(I¢ = 0.2 mAdc, Vcg = 5.0 Vdc, Rg = 2.0 kO, f = 1.0 kHz, BW = 200 Hz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Ic = 10 mAdc, IB, = 1.0 mAdc) 


Turn-Off Time 
(IB2 = 1.0 mAdc, Vag = 3.6 Vde, R17 = Ro = 5.0 kO, Rr = 990 2) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


BCW65A 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 
CT Rating «CS 


THERMAL CHARACTERISTICS 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
Storage Temperature 


| Unit | 
|Video | 
| Vde | 
| Vide | 


GENERAL PURPOSE TRANSISTOR 


NPN SILICON 


*Thermal Resistance Junction to Ambient R@JA 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


a 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 32 Vdc 
(I¢ = 10 mAdc, ip = 0) 
Collector-Emitter Breakdown Voltage V(BR)CES Vde 

(I¢ = 10 wAdc, Veg = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 10 wAdc, Ic = 0) 

Collector Cutoff Current ICES 
(VcE = 32 Vdc, ig = 0) nAdc 
(VcE = 32 Vde, IE = 0, Ta = 150°C) pAdc 

Emitter Cutoff Current nAdc 
(VER = 4.0 Vdc, Ic = 0) 

DC Current Gain 
(I¢ = 100 wAdc, VcE = 10 Vdc) 
(I¢ = 10 mAdc, VcgE = 1.0 Vdc) 
(I¢ = 100 mAdc, VcE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage VCE(sat) 
(I¢ = 500 mAdc, Ig = 50 mAdc) 0.7 
(I¢ = 100 mAdc, IRB = 10 mAdc) 0.3 

Base-Emitter Saturation Voltage . } eeteat | 
(I¢ = 500 mAdc, Ig = 50 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain — Bandwidth Product 

Output Capacitance 

_(Vcp = 10 Vde, Ie = 0, f = 1.0 MHz) 

Input Capacitance 
(Veg = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 
(Ic = 0.2 mAdc, VcgE = 5.0 Vde, Rs = 1.0 kQ, 
f = 1.0 kHz, BW = 200 Hz) 

SWITCHING CHARACTERISTICS 

Turn-On Time 


ON CHARACTERISTICS 
hFE 
00 
(I¢ = 500 mAdc, VcE = 2.0 Vdc) 
(I¢ = 20 mAdc, VcE = 10 Vdc, f = 100 MHz) 
Noise Figure 
(Ig1 = Ip2 = 15 mAdc) 


Turn-Off Time 
(I¢ = 150 mAdc, RL = 150 0) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


BCW66F 


CASE 318-02/03, STYLE 6 


MAXIMUM RATINGS SOT-23 (TO-236AA/AB) 


Collector-Emitter Voltage 
Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 


THERMAL CHARACTERISTICS GENERAL PURPOSE TRANSISTOR 


| Characteristic | Symbol | Max | 
*Total Device Dissipation, Ta = 25°C Loe ie mW 
Derate above 25°C 2.8 mWw/°C 
|Storage Temperature | Tstg | 150 
oy 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


TS Rhractertlc «dno | in | ee | 


NPN SILICON 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(I¢ = 10 mAdc, Ip = 0) 
Collector-Emitter Breakdown Voltage V(BR)CES 75 Vde 
(Ic = 10 wAdc, Veg = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 10 wAdc, Ic = 0) 
Collector Cutoff Current ICES 
(VcE = 45 Vdc, Ic = 0) 20 nAdc 
(VcE = 45 Vdc, Ic = 0, Ta = 150°C) 20 pAdc 
Emitter Cutoff Current nAdc 
(VEB = 4.0 Vde, Ic = 0) 
ON CHARACTERISTICS 
hFE 
35 
75 
100 
(Ic = 500 mAdc, Vcg = 2.0 Vde) 35 
Collector-Emitter Saturation Voltage 
(I¢ = 500 mAdc, Ig = 50 mAdc) 
(ic = 20 mAdc, Vcge = 10 Vdc, f = 100 MHz) 
Output Capacitance 
(VcB = 10 Vde, IE = 0, f = 1.0 MHz) 
f = 1.0 kHz, BW = 200 Hz) 
SWITCHING CHARACTERISTICS 
Turn-On Time 


DC Current Gain 
VCE(sat) Vde 
0.7 
(I¢ = 100 mAdc, IB = 10 mAdc) 0.3 ; 
Input Capacitance 
(IB1 = IB2 = 15 mAdc) 


(Ic = 100 Adc, VcE = 1.0 Vde) 
(i¢ = 10 mAdc, VcgE = 1.0 Vdc) 
(Ic = 100 mAdc, Vcg = 1.0 Vdc) 
Base-Emitter Saturation Voltage VBE(sat) Vdc 
(I¢ = 500 mAdc, Ip = 50 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 
(VER = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 
Noise Figure 
(IC = 0.2 mAdc, Vcg = 5.0 Vde, Rg = 1.0 kQ, 


Turn-Off Time 
(Ic = 150 mAdc, Ry = 150 2) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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BCW6/,A,B,C 

BCW68,F,G 

MAXIMUM RATINGS . 
|Rating | Symbot | BC 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


Emitter-Base Voltage VEBO 
Collector Current — Continuous | ie | 


THERMAL CHARACTERISTICS 


Symbol | Mex} Unit _ 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C Eee 
Storage Temperature | Tg | 80 | 
*Thermal Resistance Junction to Ambient Raia oe ea 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


GENERAL PURPOSE TRANSISTOR 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


pe Characteristic | Symbot | Min | typ | Max | unit _| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage ‘ 
(I¢ = 10 mAdc, lg = 0) BCW67 Series 
BCW68 Series 


Collector-Emitter Breakdown Voltage 


= -e[-[-|*. 
(Ic = 10 wAdc, Veg = 0) BCW67 Series 


V(BR)CES Vde 
BCW68 Series 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(iE = 10 wAdc, Ic = 0) 


Collector Cutoff Current 


(VcE = 32 Vdc, IE = 0) BCW67 Series 20 nAdc 
(VcE = 45 Vdc, IE = 0) BCW68 Series 
(VcE = 32 Vdc, Ip = 0, Ta = 150°C) BCW67 Series 


(VcE = 45 Vdc, Ip = 0, Ta = 150°C) 
Emitter Cutoff Current 
(Veg = 4.0 Vdc, Ic = 0) 
ON CHARACTERISTICS 
DC Current Gain 
(Ic = 10 mAdc, Vcge = 1.0 Vdc) BCW67,A,68,F 
BCW67B,68G 
BCW67C 


BCW68 Series 


(I¢ = 100 mAdc, VcE 


il 


1.0 Vdc) BCW67,A,68,F 
BCW67B,68G 
BCW67C 


(I¢ = 500 mAdc, VcE 


1.0 Vdc) BCW67,A,68,F 
BCW67B,68G 
BCW67C 


Collector-Emitter Saturation Voltage (Ic = 100 mAdc, IB = 10 mAdc) VCE(sat) eee ee ee ee 
Base-Emitter Saturation Voltage (lc = 500 mAdc, Ip = 50 mAdc) VBE(sat) | — | — | 20 | Vac | 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 20 mAdc, VcEe = 10 Vde, f = 100 MHz) 


Output Capacitance (Vcp = 10 Vdc, Ig = 0,f = 1.0 MHz) . le Case 


Input Capacitance (VeB = 0.5 Vdc, Ic = 0, f = 1.0 MHz) a 


Noise Figure (Ic = 0.2 mAdc, Vcg = 5.0 Vde, Rg = 1.0 kf, 
f = 1.0 kHz, BW = 200 Hz) 


MOTOROLA SEMICONDUCTORS | SMALL-SIGNAL DEVICES 
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BCW69,70 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


ey ae ee 
[Collector-Emitter Voltage | Vceo | 45 | Vo 
[Emitter-Base Voltage | ego | 8.0 |e 


THERMAL CHARACTERISTICS 


[Characteristic ———~—=«’ «Symbol | Max [Unit | 
*Total Device Dissipation, Ta = 25°C Lae Ses 
Derate above 25°C 2.8 mW/°C 

| Storage Temperature | Teg | 150 | 
Fatterstnesutes tunaonismamen Raia car | eae) 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


GENERAL PURPOSE TRANSISTOR 


PNP SILICON 


Refer to 2N5086 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


[characteristic Symbot [Min [Max [Unit |) 


OFF CHARACTERISTICS 


Emitter-Base Breakdown Voltage ‘| ViBR)EBO Vdc . 
(IE = 10 wAdc, Ic = 0) 
(VcB = 20 Vdc, IE = 0, Ta = 100°C) 
Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(i¢ = 10 mAdc, Ip = 0.5 mAdc) : 
0.75 Vde | 
SMALL-SIGNAL CHARACTERISTICS 


Collector-Emitter Breakdown Voltage | . V(BR)CEO Vdc 
(l¢ = 2.0 mAdc, Ip = 0) 
Collector-Emitter Breakdown Voltage V(BR)CES Vde | 
(ic = 100 pAdc, Veg = 0) : 
Collector Cutoff Current 7 ICBO 
(VcB = 20 Vdc, IE = 0) — 100 nAdc 
—_ 10 pAdc 
ON CHARACTERISTICS | 
DC Current Gain 
(I¢ = 2.0 mAdc, Voge = 5.0 Vdc) 260 
500 ; 
Base-Emitter On Voltage 
(Ic = 2.0 mAdc, VcE = 5.0 Vdc) 
Output Capacitance 
(IE = 0, VcB = 10 Vdc, f = 1.0 MHz) 


Noise Figure 
(Ic = 0.2 mAdc, Vcg = 5.0 Vde, Rg = 2.0 kO, 
f = 1.0 kHz, BW = 200 Hz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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BCW71,72 


CASE 318-02/03, STYLE 6 MAXIMUM RATINGS 
SOT-23 (TO-236AA/AB) 


Collector-Emitter Voltage 
Collector-Base Voltage 


Emitter-Base Voltage 


THERMAL CHARACTERISTICS 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C ee 
Storage Temperature | Teg | 150 | 
*Thermal Resistance Junction to Ambient 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


GENERAL PURPOSE TRANSISTOR 


NPN SILICON 


Refer to MPS3904 for graphs. 
ELECTRICAL CHARACTERISTICS sl i = 25°C unless otherwise noted.) 


ee en a ee 


OFF CHARACTERISTICS 


| Collector-Emitter Breakdown Voltage | V(BR)CEO Vde 
(I¢ = 2.0 mAdc, Veg = 0) 
Collector-Emitter Breakdown Voltage . V(BR)CES 
(Ic = 2.0 mAdc, VeB = 0) , 
Collector-Base Breakdown Voltage | V(BR)CBO 
(I¢ = 10 pAdc, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 
(l—E = 10 wAdc, Ic = 0) 


Collector Cutoff Current ICBO 
(VcB = 20 Vdc, IE = 0) nAdc 
(VcB = 20 Vdc, le = 0, Ta = 100°C) pAdc 
hFE 
110 
. 200 
VCE(sat) Vde 
(I¢ = 10 mAdc, Ip = 0.5 mAdc) 
(I¢ = 50 mAdc, Ip = 2.5 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) Vdc 
(I¢ = 50 mAdc, Ip = 2.5 mAdc) 
Base-Emitter On Voltage VBE(on) 0.75 Vdc 
(I¢ = 2.0 mAdc, VcgE = 5.0 Vdc) . 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 10 mAdc, VcE = 5.0 Vde, f = 35 MHz) 
Output Capacitance 
(IE = 0, Vce = 10 Vdc, f = 1.0 MHz) 


Input Capacitance 
(Ic = 0, Veg = 0.5 Vdc, f = 1.0 MHz) 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 2.0 mAdc, VcgE = 5.0 Vdc) 


Collector-Emitter Saturation Voltage 


Noise Figure 
(i¢ = 0.2 mAdc, VCE = 5.0 Vde, Rg = 2.0 kQ, 
f = 1.0 kHz, BW = 200 Hz) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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BCX17,18 


PNP 


BCX19,20 


NPN 
CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


Rating BCX17 | BCX18 


[olecortmiverVotge ————*dtCWceo | a8 | as | vac 
colletorBase Vatage —-——~+(|-Voao | #0 | a0 | vac 
emitteSaee Vottogs id “Veo | 80d ve 
[colsctor Curent Continues | te | 00 | made _ 


THERMAL CHARACTERISTICS 


| Characteristic | Symbol | Max | Unit_| 

*Total Device Dissipation, Ta = 25°C Cae i ae ee 
Derate above 25°C 2.8 mWw/°C 

Storage Temperature 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


GENERAL PURPOSE TRANSISTOR 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


TS SSSCharacterintic «Symbol [min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(ic = 10 mAdc, ig = 0) 
Collector-Emitter Breakdown Voltage V(BR)CES Vdc 
(ic = 10 wAdc, Ic = 0) 
Collector Cutoff Current 
(VcB = 20 Vdc, IE = 
100 
(I¢ = 300 mAdc, VcE = 1.0 Vdc) 70 
(Ic = 500 mAdc, VcE = 1.0 Vdc) 40 
Collector-Emitter Saturation Voltage VCE(sat) Vde 
(I¢ = 500 mAdc, Ip = 50 mAdc) 
Base-Emitter On Voltage VBE(on) Vdc 
(I¢ = 500 mAdc, VcgE = 1.0 Vdc) 


= 0) 
(Vcg = 20 Vdc, IE = 0, Ta = 150°C) 


Emitter Cutoff Current 
(VpeE = 5.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 100 mAdc, VcE 


1.0 Vdc) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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; BCX51 
| BOXS2 
BCX53 


MAXIMUM RATINGS 


CASE 345-01, STYLE 1 
SOT-89 


GENERAL PURPOSE TRANSISTOR 


*Total Device Dissipation, Ta = 25°C 
PNP SILICON 


Derate above 25°C 
Storage Temperature 


*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 
Characteristic __ 


OFF CHARACTERISTICS | 
Collector-Emitter Breakdown Voitage 


V(BR)CEO 


(ic = 10 mA) BCX51 
(I¢ = 10 mA) 
(i¢ = 10 mA) 


Collector-Base Breakdown Voltage V(BR)CBO V 
(Ic = 10 pA) BCX51 45 
(ic = 10 A) BCX52 60 
(Ic = 10 pA) 100 


Emitter-Base Breakdown Voltage V(BR)EBO eho te | 


(IE = 10 wA) 


Collector Cutoff Current ICBO 
(Vcp = 30 V) nA 
(VcB = 30 V, Ty = 125°C) | pA 
Emitter Cutoff Current nA 
(Veg = 3.0 V) . 


| : “ON CHARACTERISTICS 


| ' 1 DC Current Gain hee 

| | -(I¢ = 5.0 mA, Vcg = 2.0 V) 25 
(ic = 150 mA, VcE = 2.0 V) BCX51 
(I¢ = 150 mA, VcE = 2.0 V) BCX52,53 
(Ic = 500 mA, VcE = 2.0 V) 


40 
| Collector-Emitter Saturation Voltage VCE(sat) V 
(I¢ = 500 mA, Ip = 50 mA) . esas eee 
Base-Emitter On Voltage 
(I¢ = 500 mA, VcE = 2.0 V) 7 
i ‘SMALL-SIGNAL CHARACTERISTICS 


* | Current-Gain — Bandwidth Product 
‘| (VcE = 5.0 V, Ic = 10 mA, f = 35 MHz) 


Pion on 4 


/ MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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BCX54 
BCX55 
BCX56 


CASE 345-01, STYLE 1 
SOT-89 


MAXIMUM RATINGS 


Emitter-Base Voltage 


Collector Current — Continuous 


THERMAL CHARACTERISTICS 


Symbol 


*Total Device Dissipation, Ta = 25°C 1.0 

Derate above 25°C 8.0 
Storage Temperature 
*Thermal Resistance Junction to Ambient Roa °C/W 


*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


GENERAL PURPOSE TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(i¢ = 10 mA) 
(I¢ = 10 mA) 
(i¢ = 10 mA) 
Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 10 pA 
(ic = 10 A) 60 
(I¢ = 10 uA) 100 


Emitter-Base Breakdown Voltage V(BR)EBO V 
(IE = 500 mA, Ip = 50 mA) 
(IE = 10 pA) 
(l—E = 10 A) 
Collector Cutoff Current ICBO 
(Vcp = 30 V) nA 
(Vcp = 30 V, Ty = 125°C) BA 
Emitter Cutoff Current 100 nA 
(VERB = 3.0 V) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 5.0 mA, VcE = 2.0 V) 
(I¢ = 150 mA, VcE = 2.0 V) 
(ic = 500 mA, VcgE = 2.0 V) 


Collector-Emitter Saturation Voltage VCE(sat) V 
(I¢ = 500 mA, Ip = 50 mA) 

Base-Emitter On Voltage VBE(on) V 
(I¢ = 500 mA, VcE = 2.0 V) 


SMALL SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 


(VcE = 5.0 V, Ic = 10 mA, f = 35 MHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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1 
i 
i 
i 
i 

ai 
i 
i 
4 


MAXIMUM RATINGS 
Rating 


BCX68 


CASE 345-01, STYLE 1 
SOT-89 


GENERAL PURPOSE TRANSISTOR 


NPN SILICON 


*Total Device Dissipation, Ta = 25°C ; 
Derate above 25°C ; mW/°C 


*Thermal Resistance Junction to Ambient R@JA | 128 °C/W 


*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | | Symbol | Min | Max | Unit 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I¢ = 10 mA) 


Collector Cutoff Current 
(Vcp = = 25V) 


Emitter Cutoff Current 
(VER = 5.0 V) 


ON CHARACTERISTICS 


DC Current Gain . hFe 
(VcE = 10 V, Ic = 5.0 mA) 50 _ 
(VcE = 1.0 V, I¢ = 0.5 A) 85 375 
(VcE = 1.0 V, Ic = 1.0 A) 60 _ 
Collector-Emitter Saturation Voltage VCE(sat) V 

(I¢ = 1.0 A, IRB = 100 mA) | 

Base-Emitter On Voltage VBE(on) Vdc 
(VcE = 10 V, Ic = 5.0 mA) 
(VcE = 1.0 V, Ic = 1.0 A) 


to ot 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 


(VcE = 5.0 V, I¢ = 10 mA, f = 20 MHz) 


MOTOROLA SEMICONDUCTORS | | SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 
[Collector-Emitter Voltage | Vices 
|Emitter-Base Voltage | VEBO_ 

ia 


BCX69 


CASE 345-01, STYLE 1 
SOT-89 


Base Current 


Base Current — Maximum 


Collector Current — Continuous 


Collector Current — Maximum 


THERMAL CHARACTERISTICS 


| Characteristic =| Symbol | = Max | Unit 

*Total Device Dissipation, Ta = 25°C pore ee ae Watt 
Derate above 25°C 8.0 mWw/°C 

| *Thermal Resistance Junction to Ambient] Raa | 125 | CW 


*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


GENERAL PURPOSE TRANSISTOR 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


PF Characteristic T Symbot | Min | Max | Unit 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage 
(i¢ = 10 mA) 
Collector Cutoff Current 
(VcB = 25 V) 
Emitter Cutoff Current 
(VER = 5.0 V) 
ON CHARACTERISTICS 
DC Current Gain 
= 10 V, Ic = 5.0 mA) 
1.0 V, I¢ = 0.5 A) 85 375 
1.0 V, Ic = 1.0 A) 60 


Collector-Emitter Saturation Voltage VCE(sat) V 
(Ic = 1.0 A, lB = 100 mA) 


Base-Emitter On Voltage 
(VcE = 10 V,I¢ = 5.0 mA) 
(VcE = 1.0 V, Ic = 1.0 A) 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 


(VcE = 5.0 V, Ic = 10 mA, f = 20 MHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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| BCX70G,H,J,K 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 
| Rating | Symbol 
| Collector-Emitter Voltage | Vcc | 
| Collector-Base Voltage = | =p | 5 |e 
|Emitter-Base Voltage = | epo | OLS 
[Collector Current—Continuous | ic ~— | 100 |__mAde 


THERMAL CHARACTERISTICS 


| Characteristic | Symbol | Max | Unit_| 


*Total Device Dissipation, Ta = 25°C mW | 
Derate above 25°C mWw/°C 
Storage Temperature | Tstg | 80 | 
*Thermal Resistance Junction to Ambient R@JA 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


GENERAL PURPOSE TRANSISTOR 


NPN SILICON 


Refer to MPS3904 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Pp Characteristic | Symbot | Min | Max | Unit | 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(I¢ = 2.0 mAdc, I— = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(le = 1.0 wAdc, Ic = 0) 


Collector Cutoff Current 
(VcE = 32 Vdc) 
-(VcE = 32 Vde, Ta = 150°C) 


Emitter Cutoff Current 
(VER = 4.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(i¢ = 10 wAdc, VcE = 5.0 Vdc) BCX70G 
BCX70H 
BCX70J 
BCX70K 


(ic = 2.0 mAde, Veg = 5.0 Vdc) BCX70G 
BCX70H 
BCX70J 
BCX70K 


(Ic = 50 mAdc, Vcge = 1.0 Vdc) BCX70G 
BCX70H 
BCX70J 
BCX70K 


Collector-Emitter Saturation Voltage VCE(sat) 
(I¢ = 50 mAdc, Ip = 1.25 mAdc) 
(I¢ = 10 mAdc, Ip = 0.25 mAdc) 


Base-Emitter Saturation Voltage VBE(sat) 
(Ic = 50 mAde, Ig = 1.25 mAdc) 
(ic = 50 mAdc, Ip = 0.25 mAdc) 


Base-Emitter On Voltage 
(Ii¢ = 2.0 mAdc, VcE = 5.0 Vdc) ~ 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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BCX70G,H,J,K 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 
pC Characteristic CSS Symbol | Min =| Max | Unit 
SMALL-SIGNAL CHARACTERISTICS = 


Current-Gain — Bandwidth Product 
(Ic = 10 mAdc, Vcg = 5.0 Vde, f = 100 MHz) 


Output Capacitance 
(VcE = 10 Vdc, Ic = 0, f = 1.0 MHz) 


Small-Signal Current Gain 
(ic = 2.0 mAdc, VcgE = 5.0 Vdc, f = 1.0 kHz) BCX70G 


BCX70H 
BCX70J 
BCX70K 


Noise Figure 
(I¢ = 0.2 mAdc, Vcg = 5.0 Vde, Rg = 2.0 kO, 
f = 1.0 kHz, BW = 200 Hz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(I¢ = 10 mAdc, Igy = 1.0 mAdc) 


Turn-Off Time 


(Ip2 = 1.0 mAdc, Veg = 3.6 Vdc, R1 = R2 = 5.0 kQ, 
RL = 990 9) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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BCX71G,H,J,K 


CASE 318-02/03, STYLE 6 MAXIMUM RATINGS 
SOT-23 (TO-236AA/AB) 


| Collector-Base Voltage | Vcpo | 
| Emitter-Base Voltage | Vewo | 80 


Collector Current — Continuous 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


Storage Temperature 


PNP SILICON 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 
Refer to 2N5086 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


P Characteristic | Symbol | min | Max | Unit | 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(I¢ = 2.0 mAdc, Ip = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(le = 1.0 Adc, ic = 0) 


Collector Cutoff Current _ 
(VcE = 32 Vdc) 
(VCE = 32 Vdc, Ta = 150°C) 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 10 Adc, VcE = 5.0 Vdc) BCX71G 
BCX71H 

BCX71J 

BCX71K 


(Ic = 2.0 mAdc, Vcg = 5.0 Vdc) BCX71G 
BCX71H 
BCX71J 
BCX71K 


(Ic = 50 mAdc, Vcg = 1.0 Vdc) BCX71G 
BCX71H 
BCX71J 
BCX71K 


(ic = 2.0 mAde, VcE = 5.0 Vde, f = 1.0 kHz) BCX71G 
BCX71H 
BCX71J 
BCX71K 


Collector-Emitter Saturation Voltage 
(I¢ = 10 mAdc, Ip = 0.25 mAdc) 
(I¢ = 50 mAdc, Ig = 1.25 mAdc) 


Base-Emitter Saturation Voltage 


_ = [ee] * 
(I¢ = 10 mAde, Ip = 0.25 mAdc) 


VBE(sat) Vde 
0.6 0.85 
(i¢ = 50 mAdc, Ip = 1.25 mAdc) 0.68 1.05 
Base-Emitter On Voltage VBE(on) 0.75 Vdc 
(I¢ = 2.0 mAdc, VcE = 5.0 Vdc) ; 
Output Capacitance - Cobo 
(VcE = 10 Vdc, Ic = 0, f = 1.0 MHz) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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BCX71G,H,J,K 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 
Characteristic 


Noise Figure 
(I¢ = 0.2 mAdc, VcgE = 5.0 Vde, Rs = 2.0 kOQ, 
f = 1.0 kHz, BW = 200 Hz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(I¢ = 10 mAdc, lpi = 1.0 mAdc) 


Turn-Off Time 
(lpg = 1.0 mAdc, Veg = 3.6 Vdc, R1 = R2 = 5.0 kQ, 
Ru = 990 0) 


SMALL-SIGNAL DEVICES 
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MOTOROLA SEMICONDUCTORS 


MAXIMUM RATINGS 


Symbol 
Collector-Emitter Voltage VCEO | OT 


BFQ17 
CASE 345-01, STYLE 1 
SOT-89 © 


Collector-Emitter Voltage VCER 
(RBE < 50 0) 
Collector-Base Voltage VCBO 


2d V 

V 

V 

Emitter-Base Voltage VEBO V 
Collector Current — Continuous IC 

°C 


Operating and Storage Junction Tj, Tstg | —55 to +150 
Temperature Range 


THERMAL CHARACTERISTICS 


. Characteristic 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


RF TRANSISTOR 


NPN SILICON 


Storage Temperature 
*Thermal Resistance Junction to Ambient Raja 125 


*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot_| Min | Max | Unit | 


Collector-Emitter Breakdown Voltage V(BR)CEO 25 V 
(ic = 10 mA) 


Collector-Base Breakdown Voltage V(BR)CBO EVE 
(Ic = 10 uA) 


Emitter-Base Breakdown Voltage V(BR)EBO V 
(le = 10 wA) 
Collector Cutoff Current ICBO nA 
(Vcg = 20 V) 100 
(VcB = 20 V, Ta = 150°C) 20 % 
Emitter Cutoff Current nA 
(Veg = 1.0 V) 


ON CHARACTERISTICS . 


DC Current Gain 
(Ic = 50 mA, VcE = 5.0 V) 
(Ic = 150 mA, VcE = 5.0 V) 


Collector-Emitter Saturation Voltage 
(I¢ = 100 mA, IB = 10 mA) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(VcE = 15 V, Ic = 150 mA, f = 500 MHz) © 


Collector-Base Capacitance 


OFF CHARACTERISTICS 


(Vcg = 15 V, f = 1.0 MHz) 


Reverse Transfer Capacitance Common-Emitter 
(VcE = 15 V, Ic = 10 mA, f = 1.0 MHz) 


(1) Typical only 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


3-22 


BFQI8A 


CASE 345-01, STYLE 1 
SOT-89 


MAXIMUM RATINGS 


(ting Tsar [vas [oe 


Collector-Emitter Voltage VCEO 


VCBO 


RF TRANSISTOR 


NPN SILICON 


Characteristic 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


Storage Temperature 


*Thermal Resistance Junction to Ambient R@JA | 125 


*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit 


Collector-Emitter Breakdown Voltage _ V(BR)CEO V 
(Ic = 10 mA) 
Collector-Base Breakdown Voltage V(BR)CBO 25 V 
(I¢ = 10 pA) 
Emitter-Base Breakdown Voltage V(BR)EBO V 
(Ie = 10 yA) 
Collector Cutoff Current ICBO nA 
(VcB = 10 V) 
Emitter Cutoff Current nA 
(VERB = 1.0 V) . 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 50 mA, VcE = 10 V) 
(Ic = 100 mA, VcE = 10 V) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product .3200(1) 
(VcE = 10 V, Ic = 50 mA, f = 500 MHz) 


(1) Typical only 


OFF CHARACTERISTICS 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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BFQ19 MAXIMUM RATINGS 


CASE 345-01, STYLE 1 
| SOT-89 


RF TRANSISTOR 


NPN SILICON 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 8.0 


Storage Temperature 
*Thermal Resistance Junction to Ambient R@JA °C/W 


*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot_ | Min | Max | unit _| 


Collector-Emitter Breakdown Voltage V(BR)CEO V 
(I¢ = 10 mA) . 
Collector-Base Breakdown Voltage V(BR)CBO 20 V 
(I¢ = 10 wA) 
Emitter-Base Breakdown Voltage V(BR)EBO V 
(Ig = 10 wA) 
Collector Cutoff Current ICBO 100 nA 
(VcB = 10 V) 
Emitter Cutoff Current . 100 nA 
(VEB = 1.0 V) 


ON CHARACTERISTICS 
DC Current Gain 
(Ic = 50 mA, VcE = 
(Ic = 75 mA, VcE = 
' SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 
(Ic = 50 mA, VcgE = 10 V, f = 500 MHz) 
(Ic = 75 mA, Vce = 10 V, f = 500 MHz) 


Collector-Base Capacitance . 
(Vcp = 10 V, f = 1.0 MHz) 

Capacitance Emitter-to-Base 
(Veg = 0.5 V, f = 1.0 MHz) 


Reverse Transfer Capacitance Common Emitter 
(VcE = 10 V, Ic = 10 mA, f = 1.0 MHz) 


OFF CHARACTERISTICS 


Noise Figure 
(ic = 50 mA, VcE = 10 V, f = 500 MHz) 
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BFR30,31 


CASE 318-02/03, STYLE 10 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 
[Brain Source Vohage SSCs 


NY 


N 
uf 


JFET 
AMPLIFIER 


N-CHANNEL 


THERMAL CHARACTERISTICS 


Vpbs 
Symbol 
*Total Device Dissipation, Ta = 25°C pe | 


Derate above 25°C 


Storage Temperature Tstq 
.*Thermal Resistance Junction to Ambient R@JA 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Pp Characteristic tSymbot | Min | Max | unit 


OFF CHARACTERISTICS 


Gate Reverse Current loss 0.2 nAdc 
(VGs = 10 Vde, Vps = 0) 
“= 88 ie og = = P= [2 [*) 
VES Vde 


(Ip = 0.5 nAdc, Vps = 10 Vdc) 


Gate Source Voltage 
(Ip = 1.0 mAdc, Vps = 10 Vdc) 


(ID = 50 wAdc, Vps = 10 Vdc) 


ON CHARACTERISTICS 
Zero-Gate-Voltage Drain 


(Vps = 10 Vdc, Vgs = 0) 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Ip = 1.0 mAdc, Vpg = 10 Vde, f = 1.0 kHz) 


(Ip = 200 wAdc, Vpg = 10 Vdc, f = 1.0 kHz) 


Output Admittance lYos| 
(Ip = 1.0 mAdc, Vpg = 10 Vde, f = 1.0 kHz) 

(ID = 200 pAdc, Vpg = 10 Vdc) 

Input Capacitance Ciss 
(Ip = 1.0 mAdc, Vpg = 10 Vde, f = 1.0 MHz) 
(Ip = 200 wAdc, Vpg = 10 Vde, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss 
(Ip = 1.0 mAdc, Vpg = 10 Vdc, f = 1.0 MHz) 
(Ip = 200 wAdc, Vpg = 10 Vdc, f = 1.0 MHz) | 


SMALL-SIGNAL DEVICES - MOTOROLA SEMICONDUCTORS 
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| 
| 


BFR92 


‘CASE 318-02/03, STYLE 6 ee renee 
SOT-23 (TO-236AA/AB) 


| Collector-Emitter Voltage | Vcc | 8 
[Collector-Base Voltage | cB | 0 
Emitter-Base Voltage 
Collector Current — Continuous Fic (| 


- THERMAL CHARACTERISTICS 


[Characteristic | Symbol | Max | Unit 
*Total Device Dissipation, Ta = 25°C | ao ee mW 

Derate above 25°C 2.8 mW/°C 
[Storage Temperature, | Tost’ =| 180 | 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


RF TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


P Characteristic | Symbot | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 15 Vdc 
(Ic = 10 mA) 
Collector-Base Breakdown Voltage V(BR)CBO 20 Vdc 
(Ic = 100 A) 
Emitter-Base Breakdown Voltage | V(BR)EBO Vdc 
(i¢ = 100 pA) | 
Collector Cutoff Current ICBO nA 
(Vcp = 10 V) 
ON CHARACTERISTICS 
DC Current Gain hFe 
(ic = 14 mA, Vee = 10 V)(1) . 
Collector-Emitter Saturation Voltage(1) VCE(sat) Vde 
(Ic = 25 mA, Ip = 5.0 mA) 
_ Base-Emitter Saturation Voltage(1) | VBE(sat) Vde 
(I¢ = 25 mA, Ip = 5.0 mA) 
SMALL-SIGNAL CHARACTERISTICS | 
Current-Gain — Bandwidth Product fT 5 GHz 
(ic = 14 mA, VcE = 10 V, f = 500 MHz) (Typ) 
_ NE 3.0 | 
(Typ) 


Noise Figure 
Capacitance-Collector to Base Cob 0.7 | 
(Vcg = 10 Vdc, f = 1.0 MHz) | (Typ) 


(VcE = 1.5 V, Ic = 3.0 mA, Rg = 50 0, f = 500 MHz) © 
(1) Pulse Width < 300 us, Duty Cycle < 2.0%. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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BFR93 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


[olecormiter Voltage ———~S*dCNczg | 
[colector Bese Votage +t gag | 8 
[enirsoe vteoe | veg “| 20 
[collector Current — Continuous (| ie 


Ly 


THERMAL CHARACTERISTICS 


2.0 

Symbol | Max 

*Total Device Dissipation, Ta = 25°C oe 
Derate above 25°C 


RF TRANSISTOR 


NPN SILICON 


Storage Temperature 
*Thermal Resistance Junction to Ambient R@JA 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


fp Characteristic | Symbol | Min | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 12 Vdc 
(I¢ = 10 mA) 

Collector-Base Breakdown Voltage V(BR)CBO 
(I¢ = 10 pA) 


Emitter-Base Breakdown Voltage V(BR)EBO 
(Iz = 100 mA) 


Collector Cutoff Current | ICEO 
(VcE = 10 V) 

Collector Cutoff Current IcBo 
(VcB = 10 V) 

DC Current Gain 
(Ic = 1.0 mA, VcE = 5.0 V) 

Base-Emitter Saturation Voltage VBE(sat) 
(I¢ = 35 mA, Ip = 7.0 mA) 

SMALL-SIGNAL CHARACTERISTICS 


Emitter Cutoff Current 
(Veg = 1.0 V) 
FE 
25 
(I¢ = 30 mA, VcE = 5.0 V) 25 
Current-Gain — Bandwidth Product 


ON CHARACTERISTICS 

Collector-Emitter Saturation Voltage VCE(sat) 
(I¢ = 35 mA, Ip = 7.0 mA) 
(ic = 30 mA, VceE = 5.0 V, f = 500 MHz) 


Noise Figure 
(VcE = 5.0 V, Ic = 2.0 mA, Rg = 50 ©, f = 30 MHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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BFS17 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 
| Rating | Symbol 


THERMAL CHARACTERISTICS 


| Characteristic | Symbol _ 
*Total Device Dissipation, Ta = 25°C heges 
Derste above 25°C 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


RF TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


po haracteristic | Symbot | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(ic = 10 mA) 


Collector-Base Breakdown Voltage V(BR)CBO 
(i¢ = 100 nA) 

Collector Cutoff Current ICBO nA 
(Veg = 10 V) 

Emitter Cutoff Current HA 
(Veg = 4.0 V) 

DC Current Gain 
(Ic = 2.0 mA, VcE = 1.0 V) 

Collector-Emitter Saturation Voltage VCE(sat) V 
(Ic = 10 mA, Ip = 1.0 mA) 

Base-Emitter Saturation Voltage VBE(sat) V 
(Ic = 10 mA, Ig = 1.0 mA) 

Current-Gain — Bandwidth Product 

(Ic = 2.0 mA, VcgE = 5.0 V, f = 500 MHz) 


Collector Cutoff Current ICEO nA 
(VcE = 10 V) 
ON CHARACTERISTICS 
hFE 
(Ic = 25 mA, Vcg = 1.0 V) 
SMALL-SIGNAL CHARACTERISTICS 
(Ic = 25 mA, Vcg = 5.0 V, f = 500 MHz) 


Output Capacitance 
(VcB = 10 V, f = 1.0 MHz) 


Noise Figure 
(Ic = 2.0 mA, VcE = 5.0 V, Rs = 500, f = 30 MHz) 
*Typ 
MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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BSS63 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


Collector-Emitter Voltage 


Collector-Emitter Voltage VCER 
RBeE = 10 kX 


Collector Current — Continuous 


THERMAL CHARACTERISTICS 


*Total Device Dissipation, Ta = 25°C 

Derate above 25°C 
Storage Temperature 
*Thermal Resistance Junction to Ambient R@JA 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


HIGH VOLTAGE TRANSISTOR 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


[SSC hance «dS Smtr | in| ty | Mex | Ue] 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(I¢ = 100 wAdc) 
Collector-Emitter Breakdown Voltage V(BR)CER Vde 

(Ic = 10 pAdc, Ie = 0, Ree = 10 kQ) 
Collector-Base Breakdown Voltage V(BR)CBO 110 Vde 

(Ic = 10 wAdc, Ie = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 

(IE = 10 pAdc) 


Collector Cutoff Current ICBO nAdc 
| (VcB = 90 Vdc, IE = 0) 
ON CHARACTERISTICS 
hFE 
(lc = 25 mAdc, Vcg = 1.0 Vdc) 
SMALL-SIGNAL CHARACTERISTICS 


Collector Cutoff Current . ICER pAdc 
(VcE = 110 Vdc, Reg = 10 kQ) 

Emitter Cutoff Current nAdc 
(VEB = 6.0 Vdc, Ic = 0) 

DC Current Gain _ 
(i¢ = 10 mAdc, VcgE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage VCE(sat) mVdc 
(Ic = 25 mAdc, Ip = 2.5 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) mVdc 
(i¢ = 25 mAdc, Ig = 2.5 mAdc) 

Current-Gain — Bandwidth Product 
(Ic = 25 mAdc, VcgE = 5.0 Vdc, f = 35 MHz) 


ou 


Case Capacitance 
(ig = Ic = 0, Vcp = 10 Vdc) 


SMALL-SIGNAL DEVICES | MOTOROLA SEMICONDUCTORS 
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| 
| 
| 


CASE 318-03, STYLE 6 
SOT-23 (TO-236AA/AB) MAXIMUM RATINGS 


ollector-Emitter Voltage 
Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 


THERMAL CHARACTERISTICS 


DRIVER TRANSISTOR ee 
| 


NPN SILICON *Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


Storage Temperature 
*Thermal Resistance Junction to Ambient R@JA 357 
*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Pp havacteristic | Symbot | Min | Max | Unit 


OFF CHARACTERISTICS . 


Collector-Emitter Breakdown Voltage. V(BR)CEO Vde 
(I¢ = 4.0 mA) 

Collector-Base Breakdown Voltage : V(BR)CBO 120 Vde 
(I¢ = 100 wA) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 100 A) 

Collector Cutoff Current ICES pA 
(VcE = 80 V, Ta = 70°C) 

Emitter Cutoff Current nA 
(VBE = 4.0 V) - 


ON CHARACTERISTICS 
DC Current Gain hFE 
(VcE = 1.0 V, I¢ = 10 mA) 
Collector-Emitter Saturation Voltage VCE(sat) Vdc 
0.7 
. 3.0 


(Ic = 4.0 mA, Ip = 400 pA) 
(I¢ = 50 mA, Ip = 15 mA) 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 


(Ic = 4.0 mA, Vce = 10 V, f = 35 MHz) 


MOTOROLA SEMICONDUCTORS . | SMALL-SIGNAL DEVICES 
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BSS79C 


CASE 318-02/03, STYLE 6 


MAXIM ATI 
UM RATINGS SOT-23 (TO-236AA/AB) 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 


THERMAL CHARACTERISTICS 


Characteristic 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


GENERAL PURPOSE TRANSISTOR 


NPN SILICON 


Storage Temperature 


*Thermal Resistance Junction to Ambient 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot_ | Min | Max | Unit _| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(i¢ = 10 mAdc) 

Coilector-Base Breakdown Voltage V(BR)CBO 75 Vdc 
(I¢ = 10 pAdc) 

Emitter-Base Breakdown Voltage V(BR)EBO | Vdc 
(le = 10 wAdc) 

Collector Cutoff Current ICBO 
(VcB = 60 Vdc) nAdc 
(VcpB = 60 Vdc, Ta = 150°C) pAdc 
Emitter Cutoff Current nAdc 

(VBE = 3.0 Vdc) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 150 mAdc, Vcge = 10 Vdc) 
Collector-Emitter Saturation Voltage VCE (sat) P- fa | 


(Ic = 150 mAdc, Ip = 15 mAdc) 
(I¢ = 500 mAdc, Ip = 50 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 

(VcE = 20 Vdc, I¢ = 20 mAdc, f = 100 MHz) 
Output Capacitance 

(VcB = 10 Vdc, f = 1.0 MHz) 
SWITCHING CHARACTERISTICS 


Delay Time 
(Vcc = 30 Vde, Ic = 150 mAdc) 
(IB1 = IB2 = 15 mAdc) 


Rise Time 
(Vcc = 30 Vde, Ic = 150 mAdc) 
(Ip1 = IB2 = 15 mAdc) 


Storage Time 
(Vcc = 30 Vde, Ic = 150 mAdc) 
(iIg1 = lpg = 15 mAdc) 


Fall Time 
(Vcc = 30 Vdc, Ic = 150 mAdc) 
(IB1 = Ip2 = 15 mAdc) 
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BSSS0C 


CASE 318-02/03, STYLE 6 


SOT-23 (TO-236AA/AB) ——— 


[Collector-Emitter Voltage | Vceo | 40 |e 
| Collector-Base Voltage | Vcpo | 60 |e 
|Emitter-Base Voltage | Vewo | 8.0 | Vo 


THERMAL CHARACTERISTICS 


maine ==> acne Ss a Soe Os 
*Total Device Dissipation, Ta = 25°C oe 
Derate above 25°C 2.8 mw/°C 
[Storage Temperature —SSSSi* ST | tO dT 

eral eins Soncion tw Anaior@ Rusa oI = oar oI Save 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


GENERAL PURPOSE TRANSISTOR 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | |_Symbot_ | min | Max [unit _ | 


Collector-Emitter Breakdown Voltage ViBR)CEO Vde 
(I¢ = 10 mA) 
Collector-Base Breakdown Voltage V(BR)CBO Vde 
(I¢ = 10 wA) | 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 10 A) 


Collector Cutoff Current ICBO 
(VcB = 50 Vdc) 10 nA 
(VcB = 50 Vdc, Ta = 150°C) 0 a 


OFF CHARACTERISTICS 


Emitter Cutoff Current . 
(VBE = 3.0 Vdc) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 150 mA, VcE = 10 Vdc) 
Collector-Emitter Saturation Voltage VCE(sat) = hel 


(ic = 150 mA, Ip = 15 mA) 
(I¢ = 500 mA, Ip = 50 mA) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 50 mA, VcE = 20 Vdc, f = 100 MHz) 


Output Capacitance 
(VcB = 10 Vdc, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS 


Delay Time (lpi ~ IB2 ~ 15 mA, | 


Rise Time Vcc = 30 V, Ic = 150 mA) 


Storage Time — (Ip1 = Ip2 ~ 15 mA, 
Vcc = 30 V, Ic = 150 mA) 


| Fall Time 
' (1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 
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BSS82C 


CASE 318-02/03, STYLE 6 


MAXIMUM RATINGS SOT-23 (TO-236AA/AB) 


Collector-Emitter Voltage 


GENERAL PURPOSE TRANSISTOR 


PNP SILICON 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C mW/°C 


Storage Temperature 
*Thermal Resistance Junction to Ambient R@JA 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


P Characteristic | Symbot | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage | V(BR)CEO Vdc 
(Ic = 10 mA) 

Collector-Base Breakdown Voltage _ V(BR)CBO Vdc 
(I¢ = 10 pA) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(I= = 10 pA) 

Collector Cutoff Current ICBO 
(Vcp = 50 V) nA 
(Vcp = 50 V, Ta = 150°C) pA 
Emitter Cutoff Current nA 

(Veg = 3.0 V) 


ON CHARACTERISTICS 


DC Current Gain hfe 100 
(Ic = 150 mA, VcgE = 10 V) 
Collector-Emitter Saturation Voltage VCE(sat) Vdc 
0.4 
1.6 | 


(ic = 150 mA, Ip = 15 mA) 
(I¢ = 500 mA, |p = 50 mA) 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 


(ic = 50 mA, Vcg = 20 V, f = 200 MHz) 
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BSV52 


CASE 318-02/03, STYLE 6 saan anae 
SOT-23 (TO-236AA/AB) 


| 
[Collector-Emitter Voltage | ceo | 12 
[Collector-BaseVoltage | Vcpo | 20 
[Emitter-Base Voltage | Vewo | 20 
Collector Current — Continuous Fie | 200 
| Max 

| 160 


THERMAL CHARACTERISTICS 


| Characteristic | Symbol 
*Total Device Dissipation, Ta = 25°C PPD 
Derate above 25°C 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


SWITCHING TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic [symbol [min [Max | Unit | 


Collector-Emitter Breakdown Voltage | V(BR)CEO 12 Vdc 
(I¢ = 1.0 mAdc) 
Collector Cutoff Current 


(VcB = 10 Vdc, Ie = 0) 
(Vcp = 10 Vdc, Ie = 0, Ta = 125°C) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 1.0 mAdc, Vcg = 1.0 Vdc) 
(ic = 10 mAdc, Vcg = 1.0 Vdc) 
(I¢ = 50 mAdc, VcgE = 1.0 Vdc) 


Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 10 mAdc, Ip = 300 uAdc) 
(ic = 10 mAdc, lg = 1.0 mAdc) 
(Ic = 50 mAdc, Ig = 5.0 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 700 
(I¢ = 50 mAdc, Ig = 5.0 mAdc) = 


| SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 10 mAdc, Vcg = 10 Vdc) 


Output Capacitance 
(VcB = 5.0 Vde, Ie = 0, f = 1.0 MHz) 


Input Capacitance 
(VER = 1.0 Vdc, Ic = 0) 


SWITCHING CHARACTERISTICS 


Storage Time 
(Ic = Ip = lpm = 10 mAdc) 


OFF CHARACTERISTICS 


Turn-On Time 


(VBE = 1.5 Vde, Ic = 10 mAde, Ip = 3.0 mAdc) 


Turn-Off Time 
(Ic = 10 mAdc, Ip = 3.0 mAdc) 
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BSX39 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


Collector-Emitter Voltage 


THERMAL CHARACTERISTICS 


Characteristic 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


SWITCHING TRANSISTOR 


NPN SILICON 


Collector Current — Continuous Ps 20000" 4 


Storage Temperature 
*Thermal Resistance Junction to Ambient 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta, = 25°C unless otherwise noted.) 


Pp haracteristic | Symbot | Min | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc. 
(Ic = 2.0 mA) 
Collector Cutoff Current . ICBO nA 
(Vcp = 12 V) 
Collector Cutoff Current ICES 
(VcE = 12 V) 
(VcE = 12 V, Ty = 125°C) 


ON CHARACTERISTICS 


DC Current Gain hee 
(Ic = 1.0 mA, VcgE = 1.0 V) 
(I¢ = 10 mA, VcE = 1.0 V) 
(Ic = 50 mA, VcE = 1.0 V) 


Collector-Emitter Saturation Voltage VCE(sat) 
(ic = 10 mA, IB = 1.0 mA) 
(I¢ = 50 mA, Ip = 5.0 mA) . 
Base-Emitter Saturation Voltage VBE(sat) 
(Ic = 10 mA, Ip = 1.0 mA) 
(Ic = 50 mA, Ip = 5.0 mA) 
SWITCHING CHARACTERISTICS 


Turn-On Time ton 
(Ic = 10 mA, Ip = 3.0 mA) 


Turn-Off Time toff 
(ic = 10 mA, lpi = Ip2 = 3.0 mA) 
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BZX84C 


CASE 318-02/03, STYLE 8 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


| Rating | Symbol | Value | Unit 
Voltage Range VZ(nom) 4.7 to 33 


THERMAL CHARACTERISTICS 


| Characteristic | Symbol | Max | Unit 
*Total Device Dissipation, Ta = 25°C Le ee | mw 

Derate above 25°C 2.8 mWw/°C 
| Storage Temperature | Tstg =| 50 | 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ZENER DIODES 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


po Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Forward Voltage 
(lp = 10 mAdc) BZX84 Series 


Reverse Voltage Leakage Current 
(VR = 2.0 Vdc) BZX84-C4V7 
BZX84-C5V1 
BZX84-C5V6 


(Vp = 4.0 Vde) BZX84-C6V2 
BZX84-C6V8 


! (Vp = 5.0 Vdc) BZX84-C7V5 
| BZX84-C8V2 


(VR = 6.0 Vdc) : BZX84-C9V1 

(VR = 7.0 Vdc)  BZX84-C10 

(VR = 8.0 Vdc) BZX84-C11, C12, C13 

(VR = 0.70 Vz) BZX84-C15 to BZX84-C33 
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BZX84C 


ZENER VOLTAGE 
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MBAL99 


CASE 318-02/03, STYLE 18 
SOT-23 (TO-236AA/AB) MAXIMUM RATINGS 


THERMAL CHARACTERISTICS 


Characteristic . 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


Storage Temperature Tsto 
*Thermal Resistance Junction to Ambient R@JA 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


SWITCHING DIODE 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


po Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Reverse Voltage Leakage Current 
(VR = 70 V) 
(VR = 25V, Ty = 150°C) 


io 


(VR = 70 V, Ty = 150°C) 


Reverse Breakdown Voltage . V(BR) 70 V 
(IR = 100 pA) . 


Forward Voltage 


(Ip = 1.0 mA) 
(ig = 10 mA) 
(lp = 50 mA) 
(Ip = 100 mA) 


Diode Capacitance 
(VR = 0, f = 1.0 MHz) 
Reverse Recovery Time 
(I-F = IR = 10 mA, RL: = 100 Q, measured at IR = 1.0 mA) 
Forward Recovery Voltage | 
(Ip = 10 mA, ty = 20 ns) 
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MBAS16 


MAXIMUM RATINGS CASE 318-02/03, STYLE 8 
SOT-23 (TO-236AA/AB) 


[Rating SYS | Ve | 
[Penk Forward Surge Curent [Iraweugay| e00 [mA 


THERMAL CHARACTERISTICS 


Characteristic | Symbol | Max | Unit 


*Total Device Dissipation, Ta = 25°C 350 mW 
Derate above 25°C 2.8 mW/°C 


Storage Temperature 


SWITCHING DIODE 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Reverse Voltage Leakage Current 
(VR = 75 V) 
(VR = 75 V, Ty = 150°C) 
(VR = 25V, Ty = 150°C) 


Reverse Breakdown Voltage 
(IBR = 100 4A) 


Forward Voltage 
(ip = 1.0 mA) 
= 10 mA) 
50 mA) 
100 mA) 


Forward Recovery Voltage 
(l—F = 10 mA, tr = 20 ns) 


Reverse Recovery Time 
(l—F = IR = 10 mA, RL = 100 2) 


Stored Charge 
(I-F = 10 mA to Vp = 5.0 V, RE = 500 2) 
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MBAV70 


CASE 318-02/03, STYLE 9 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


a a 8 


THERMAL CHARACTERISTICS 
| Max 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


SWITCHING DIODE 


Storage Temperature 


*Thermal Resistance Junction to Ambient 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


po Characteristic | Symbol | Min | Max | Unit | 


OFF CHARACTERISTICS | 


Reverse Breakdown Voltage V(BR) >70 Vdc 
(BR) = 100 wAdc) 


Reverse Voltage Leakage Current 
(VR = 25 Vde, Ty = 150°C) 
(Vp = 70 Vdc) 

(VR = 70 Vde, Ty = 150°C) 


Forward Voltage 


(Ip = 1.0 mAdc) 
(iF = 10 mAdc) 
(IF = 50 mAdc) 


(IE = 100 mAdc) 


Reverse Recovery Time 
(IF = iR = 10 mAdc, VR = 5.0 Vde, 
IR(REC) = 1.0 mAdc) (Figure 1) 


820 0 


+10 V 


_IR(REC)=1.0 mA 


50 © Output 50 © Input IR— 
Pulse Sampling VR 
Generator Oscilloscope INPUT SIGNAL OUTPUT PULSE 
(IF = IR = 10 mA; measured 
= aE at iR(REC) = 1.0 mA) 


Notes: 1. A 2.0 kQ variable resistor adjusted for a Forward Current (IF) of 10 mA. 
2. Input pulse is adjusted so IR(peak) is equal to 10 mA. 
3. ty >t 
p” Ur 
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MBAV74 


MAXIMUM RATINGS CASE 318-02/03, STYLE 9 


SOT-23 (TO-236AA/AB) 


Peak Forward Surge Current lFM(surge) 


THERMAL CHARACTERISTICS 


Characteristic 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C . 


SWITCHING DIODE 


*Thermal Resistance Junction to Ambient RJA 357 °C/W 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


| Characteristic | Symbol | Min | Max | unit 


OFF CHARACTERISTICS 


Reverse Breakdown Voltage 
(I(BR) = 5.0 Adc) 


Reverse Voltage Leakage Current 
(VR = 50 Vdc, Ty = 125°C) 
(VR = 50 Vdc) 


Diode Capacitance Cr 
(VR = 0, f = 1.0 MHz) ; 

Forward Voltage VE Vde 
(IF = 100 mAdc) 


Reverse Recovery Time 
(IF = IR = 10 mAdc, iR(REC) = 1.0 mAdc, measured at IR = 1.0 mA, RL = 100 ©) 
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MBAVS9 


CASE 318-02/03, STYLE 11 


MAXIM 
SOT-23 (TO-236AA/AB) ——rn 


DUAL SERIES 


SWITCHING DIODE *Total Device Dissipation, Ta = 25°C 


Derate above 25°C 


*Thermal Resistance Junction to Ambient R@JA 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


P Characteristic L Symbot | Min | Max | Unit | 


OFF CHARACTERISTICS 


| Reverse Breakdown Voltage 
| (I(BR) = 100 pA) 


| Reverse Voltage Leakage Current pAdc 
(VR = 25 Vdc, Ty = 150°C) 

| (VR = 70 Vdc) 

| (VR = 70 Vde, Ty = 150°C) 


Diode Capacitance 
(Vp = 0, f = 1.0 MHz) 


Forward Voltage 
(l— = 1.0 mAdc) 
(I—F = 10 mAdc) 
(Ip = 50 mAdc) 
(l— = 100 mAdc) 


Reverse Recovery Time 
(IF = IR = 10 mAdc, iR(REC) = 1.0 mAdc) (Figure 1) 


+10 V 


IR(REC)=1.0 mA 


50 © Output 50 © Input 


Pulse Sampling VR 
Generator Oscilloscope INPUT SIGNAL OUTPUT PULSE . 
(l—F = IR = 10 mA; measured 
— — at iR(REC) = 1.0 mA) 


Notes: 1. A 2.0 kQ variable resistor adjusted for a Forward Current (If) of 10 mA. 
2. Input pulse is adjusted so !R(peak) is equal to 10 mA. 
3. tp » ter 
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MBAW56 


CASE 318-02/03, STYLE 12 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


ra. nee nee 


THERMAL CHARACTERISTICS 


[Characteristic ————=—=«d|'CSymmbol_ | Max =| Unit 
*Total Device Dissipation, TA = 25°C a ae 

Derate above 25°C 2.8 | ae 
[| Storage Temperature | Tig’ | 150 | 
[Thermal Resistance Junction to Ambient] Raya] 257 |W 


RaJA 
*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


DUAL 
SWITCHING DIODE 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot_| Min | Max | Unit 


OFF CHARACTERISTICS 


Reverse Breakdown Voltage V(BR) 
(I(BR) = 100 wAdc) 


Reverse Voltage Leakage Current 
(VR = 25 Vde, Ty = 150°C) 
(VR = 70 Vdc) 

(VR = 70 Vde, Ty = 150°C) 


Diode Capacitance 
(Vp = 0, f = 1.0 MHz) 


Forward Voltage 
(IF = 1.0 mAdc) 
(IF = 10 mAdc) 
(I—F = 50 mAdc) 
(l—F = 100 mAdc) 


Reverse Recovery Time 
(IF = IR = 10 mAdc, IR(REC) = 1.0 mAdc) (Figure 1) 


820 


+10 V 


IR(REC)=1.0 mA 


50 © Output 50 2) Input 


Pulse Sampling VR 
Generator Oscilloscope INPUT SIGNAL OUTPUT PULSE 
(l— = IR = 10 mA; measured 
—— — at iR(REC) = 1,0 mA) 


Notes: 1. A 2.0 kQ variable resistor adjusted for a Forward Current (IF) of 10 mA. 
2. Input pulse is adjusted so IR(peak) is equal to 10 mA. 
3. tp» t 
p” 'r 
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| MMBA811C5,6,7,8 


7 CASE 318-02/03, STYLE 6 MAXIMUM RATINGS 
SOT-23 (TO-236AA/AB) 


J Rating | Symbol 
} 


THERMAL CHARACTERISTICS 


| Characteristic | Symbol _| 
*Total Device Dissipation, Ta = 25°C oe ee oe 
Derate above 25°C 2.8 mWw/°C 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


AMPLIFIER TRANSISTOR 


PNP SILICON 


Refer to 2N5086 for graphs. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


[Characteristic | Symbot_ | Min | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(I¢ = 1.0 mAdc) 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(I¢ = 100 wAdc) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(i¢ = 10 pAdc) 
Collector Cutoff Current ICBO nAdc 
(Vcp = 40 Vdc) | 
Emitter Cutoff Current nAdc 
(VEB = 5.0 Vdc) 


ON CHARACTERISTICS 


DC Current Gain 
(ic = 0.1 mAdc, VcE = 3.0 Vdc) 
(ic = 0.5 mAdc, VcE = 3.0 Vdc) 
‘(For Reference Only) 
(ic = 0.5 mAdc, Veg = 3.0 Vde) MMBA811C5 
MMBA811C6 
MMBA811C7 
MMBA811C8 


Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(I¢ = 20 mAdc, Ig = 2.0 mAdc) 

Base-Emitter On Voltage VBE(on) Vde 
(I¢ = 0.5 mAdc, Vcg = 3.0 Vde) 


SMALL SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 


(ic = 1.0 mAde, VcE = 6.0 Vdc, f = 100 MHz) 
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MMBA812M3,4,5,6,7 


MAXIMUM RATINGS CASE 318-02/03, STYLE 6 


Symbol 


SOT-23 (TO-236AA/AB) 


Collector-Emitter Voltage 
Emitter-Base Voltage 
Collector Current — Continuous Fig | 


THERMAL CHARACTERISTICS 


Ic 
| Characteristic | Symbol | Max | Unit 
*Total Device Dissipation, Ta = 25°C a) mW 
Derate above 25°C 2.8 mWw/°C 
| Storage Temperature | Tstg =| 150 | 
“cM 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


GENERAL PURPOSE TRANSISTOR 


PNP SILICON 


Refer to 2N5086 for graphs. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Symbol | Min | Max 


OFF CHARACTERISTICS 


Collector Cutoff Current 
(VcB = 40 Vdc, IE = 0) 


Emitter Cutoff Current 
(Veg = 5.0 Vde, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(VcE = 6.0 Vdc, Ic = 1.0 mAdc) MMBA812M3 
MMBA812M4 
MMBA812M5 
MMBA812M6 
MMBA812M7 


Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(I¢ = 30 mAdc, Ip = 3.0 mAdc) 
Pci ie ee 


Base-Emitter On Voltage VBE(on) 


(VcE = 6.0 Vde, Ic = 1.0 mAdc) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


3-45 


MMBC1009F1 
thru 
MMBC1009F5 


MAXIMUM RATINGS 


Symbol ar oa ae 
Collector-Emitter Voltage VCEO ee ee ee 


Collector-Base Voltage VcBo | 50s Vde 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


Emitter-Base Voltage VEBO Vdc 


ea mate | 


Collector Current — Continuous 


THERMAL CHARACTERISTICS 


Characteristic Symbol eS 
*Total Device Dissipation, Ta = 25°C 350 mw 
Derate above 25°C 2.8 mW/°C 


Storage Temperature | Teg | 150 | 


AM/FM RF AMPLIFIER TRANSISTOR 


NPN SILICON 


*Thermal Resistance Junction to Ambient R@JA | 357 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector Cutoff Current ICBO 0.1 pAdc 
(VcB = 15 Vde, Ie = 0) 
ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 0.5 mAdc, Vcg = 3.0 Vdc) MMBC1009F1 
MMBC1009F2 
MMBC1009F3 
MMBC1009F4 
WIMECIO2 


Collector-Emitter Saturation Voltage 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 1.0 mAdc, VcgE = 6.0 Vde, f = 100 MHz) 


Output Capacitance 


(VcB = 6.0 Vde, IE = 0, f = 1.0 MHz) 


Noise Figure 
(I¢ = 0.5 mAdc, Vcg = 6.0 Vdc, f = 1.0 MHz, Rg = 500 0) 
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MMBC1321Q2 
thru 
MMBC132105 


MAXIMUM RATINGS 
|Rating | Symbot_ | Value | Unit 
| EmitterBase Voltage | Vepo | 40 | Ve 


THERMAL CHARACTERISTICS 


| Characteristic | Symbol | Max | Unit 
*Total Device Dissipation, Ta = 25°C Fe ee ee | 
Derate above 25°C 2.8 mWwW/°C 

| Storage Temperature | Tstg | 180 | 
inmalbeina weenennmen| Gua at ee 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


VHF/RF AMPLIFIER TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


ee 


OFF CHARACTERISTICS 


Collector Cutoff Current 
(VcB = 25 Vdc, IE = 0) 


Emitter Cutoff Current 
(VER = 4.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 


(Ic = 2.0 mAdc, VcE = 6.0 Vdc) MMBC132102 
7 MMBC132103 

MMBC132104 180 

MMBC132105 270 


ie 
Collector-Emitter Saturation Voltage VCE(sat) 
(i¢ = 10 mAdc, Ip = 1.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 2.0 mAdc, VcgE = 6.0 Vdc, f = 100 MHz) 


Output Capacitance 


(Vcp = 6.0 Vdc, Ip = 0, f = 100 MHz) 


Noise Figure 
(VCE = 6.0 Vdc, IE = 2.0 mAdc, f = 900 MHz, Rg = 50 2) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MMBC1621B2,3,4 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


[Rating —*d Sym [Vas [ne 


Collector Current — Continuous 


THERMAL CHARACTERISTICS 


*Total Device Dissipation, Ta = 25°C ze aes 
Derate above 25°C 2.8 mW/°C 
Storage Temperature 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


SWITCHING TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


J Characteristic | Symbol | Min | Max | Unit | 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(ic = 100 A) 

Collector-Base Breakdown Voltage : 
(i¢ = 100 A) 


Emitter-Base Breakdown Voltage 
(le = 10 nA) | 


Emitter Cutoff Current 
(VEB = 4.0 V) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 1.0 mA, Vcg = 0.5 V) MMBC1621B2 
(I¢ = 1.0 mA, Vcg = 0.5 V) MMBC1621B3 
(Ic = 1.0 mA, Vcg = 0.5 V) MMBC1621B4 


90 
Collector-Emitter Saturation Voltage VCE(sat) 0.25 Vdc 
(i¢ = 10 mA, Ig = 1.0 mA) 
Base-Emitter Saturation Voltage VBE(sat) Vde 
(I¢ = 10 mA, Ig = 1.0 mA) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 10 mA, VcE = 10 V, f = 100 MHz) 


Output Capacitance . 
(Vcg = 10 V, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS 


Storage Time 
(Ic = Ip1 = Ip2 = 10 mA) (Figure 1) 


Turn-On Time 


(Ic = 10 mA, Ip7 = 3.0 mA, Vog = 1.5 V) 


Turn-Off Time 
(I¢ = 10 mA, lpi = 3.0 mA, lpg = 1.5 mA) 
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MMBC1622D6,7,8 


MAXIMUM RATINGS CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


Collector Current — Continuous 


"y 


AMPLIFIER TRANSISTOR 


NPN SILICON 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


Storage Temperature 


*Thermal Resistance Junction to Ambient RJA 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


Refer to MPS3904 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector Cutoff Current 
(VcB = 25 Vdc, IE = 0) 


Emitter Cutoff Current 
(VEB = 5.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 


(VCE = 3.0 Vdc, Ic = 0.1 mAdc) All 
(VCE = 3.0 Vdc, Ic = 0.5 mAdc) MMBC1622D6 
MMBC1622D7 


MMBC1622D8 450 900 
Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(Ic = 100 mAdc, IR = 10 mAdc) 
Base-Emitter On Voltage VBE(on) Vdc 
(VCE = 3.0 Vdc, Ic = 0.5 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 


(VCE = 6.0 Vdc, IE = 1.0 mAdc, f = 100 Mhz) 


SMALL-SIGNAL DEVICES | MOTOROLA SEMICONDUCTORS 
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MMBC1623L3,4,5,6,7 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


Symbol 
Collector-Emitter Voltage VCEO 


Collector-Base Voltage VCBO [| so | 
Emitter-Base Voltage VEBO | bo 


Collector Current — Continuous 


THERMAL CHARACTERISTICS 


| 

*Total Device Dissipation, Ta = 25°C ei a | mw 
Derate above 25°C 2.8 mW/°C 

°c 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


AMPLIFIER TRANSISTOR 


NPN SILICON 


Refer to MPS3904 for graphs. 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Pp Characteristic | Symbot | in| Max | Unit 


OFF CHARACTERISTICS 


Collector Cutoff Current 
(VcB = 40 Vdc, IE = 0) 


Emitter Cutoff Current 
(Veg = 5.0 Vde, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 1.0 mAdc, Vcg = 6.0 Vdc) MMBC1623L3 
MMBC1623L4 

MMBC1623L5 

MMBC1623L6 


MMBC1623L7 
Collector-Emitter Saturation Voltage 


VCE(sat) Vde 
(I¢ = 100 mAdc, IB = 10 mAdc) 
Base-Emitter Saturation Voltage : VBE(sat) Vdc 
(I¢ = 100 mA, Ig = 10 mAdc) 
Base-Emitter On Voltage . VBE(on) 0.7 Vde 
(Ic = 1.0 mAdc, VcgE = 6.0 Vdc) . 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 


(VCE = 6.0 Vde, IE = 10 mAdc, f = 100 MHz) 
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MMBC1653N2,3,4 


MAXIMUM RATINGS | CASE 318-02/03, STYLE 6 


SOT-23 (TO-236AA/AB) 
Emitter-Base Voltage | Vego | 50 | 


Collector Current — Continuous Ic 


THERMAL CHARACTERISTICS 
a 


*Total Device Dissipation, Ta = 25°C 350 
Derate above 25°C 28 
Storage Temperature ho Tater | 

*Thermal Resistance Junction to Ambient 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


HIGH VOLTAGE TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 
Peat pat |e eo 
OFF CHARACTERISTICS 


Collector Cutoff Current 
(VcB = 100 Vdc, IE = 0) 


Emitter Cutoff Current 
(Veg = 5.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(VcE = 3.0 Vde, Ic = 15 mAdc) MMBC1653N2 
MMBC1653N3 


50 130 
MMBC1653N4 150 330 


Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(l¢ = 10 mAdc, Ip = 1.0 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) Vdc 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(VcE = 10 Vdc, IF = 10 mAdc, f = 100 MHz) 


Output Capacitance 
(VcpB = 10 Vdc, IE = 0, f = 1.0 MHz) 


ec ED 
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MMBC1654N5,6,7 


CASE 318-02/03, STYLE 6 MAXIMUM RATINGS 
SOT-23 (TO-236AA/AB) 


tg et [ate [a 
[Goletormiter Volage ~~ ceo | 160 | vdo 
[coletorBase Voltage ————~S*CVcgg) | 80d 
[Emiter-Base Vatage ——~—~S~*dtTVe [80 Vo 
[Goletor Current —Gontinuove | ie [80+ mae 


Ic 


THERMAL CHARACTERISTICS 


| Characteristic | Symbol | Max 
So | | 

Derate above 25°C Wie 
Sateen a 
 atiarfaltiahas soa aioe Taka Lae | 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


HIGH VOLTAGE TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS TA = 25°C unless otherwise noted.) 


ee ee ee er 


OFF CHARACTERISTICS 

Collector Cutoff Current ICBO pAdc 
(VcB = 100 V, Ie = 0) 

Emitter Cutoff Current pAdc 
(Veg = 5.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 
DC Current Gain 


(VcE = 3.0 V, Ic = 15 mAdc) MMBC1654N5 50 130 
MMBC1654N6 100 220 
MMBC1654N7 150 330 


Collector-Emitter Saturation Voltage 


VCE (sat) 
(Ic = 10 mAdg, Ip = 1.0 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) 0 
(i¢ = 10 mAdc, Ip = 1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


| Current-Gain — Bandwidth Product 
(VceE = 10 Vdc, Ip = 10 mAdc, f = 100 MHz) 


Output Capacitance 
(VcpR = 10 Vde, le = 0, f = 1.0 MHz) 


MOTOROLA SEMICONDUCTORS | SMALL-SIGNAL DEVICES 


3-52 


MMBD101 


CASE 318-02/03, STYLE 8 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


ee a 


THERMAL CHARACTERISTICS 


*Total Device Dissipation, Ta = 25°C i oe mW 
Derate above 25°C 2.8 mw/°C 
150 
CW 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


HOT-CARRIER 
UHF MIXER DIODE 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Pp haracteristic | Symbot_ | Min | typ | Max | Unit 


OFF CHARACTERISTICS 


Reverse Breakdown Voltage V(BR) Vdc 
(IR = 10 Adc) 
Reverse Voltage Leakage Current pAdc 
(Vp = 3.0 Vdc) 
Series Inductance Ls 
(f = 250 MHz) 
Case Capacitance Cc pF 
(f = 1.0 MHz) 
Diode Capacitance Cr 
(Vp = 0, f = 1.0 MHz) 
Forward Voltage VF Vdc 
(Ip = 10 mAdc) 
Noise Figure 7.0 
(f = 1.0 GHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MMBD352 


CASE 318-02/03 STYLE 11 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


| Rating | Symbol | Value | Unit 
Continuous Reverse Voltage | ve | 4 | vce 


THERMAL CHARACTERISTICS 


| Characteristic | Symbol | Max | Unit 
*Total Device Dissipation, Ta = 25°C {ef 2 | 
Derate above 25°C 2.8 mw/°C 
[Storage Temperature | Tot | 50 | 

[-Themal Reine Junaion to Ariane | Raya [ se | ew 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


DUAL HOT CARRIER 
MIXER DIODE 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 
fo Geen eee eee ee 
OFF CHARACTERISTICS 


Forward Voltage 
(lp = 10 mA) 


Reverse Voltage Leakage Current 


(Vp = 3.0 V) 
(VR = 4.0 V) 


Capacitance 
(VR = OV, f.= 1.0 MHz) 
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MMBD501 


CASE 318-02/03, STYLE 8 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


Symbol 
Reverse Voltage | va | 80 


THERMAL CHARACTERISTICS 


Characteristic 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


HOT-CARRIER DIODE 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 
ee 
OFF CHARACTERISTICS 


Reverse Breakdown Voltage 
(IR = 10 wAdc) 


Reverse Voltage Leakage Current 
(VR = 25 Vdc) 


Diode Capacitance 
(VR = 20 Vdc, f = 1.0 MHz) 


Forward Voltage 
(l—F = 10 mAdc) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MMBD914X 


CASE 318-02/03, STYLE 8 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 
| Rating | Symbol | Value | Unit 
[Peak Forward Surge Current | I misurge) | 500] mAde 


THERMAL CHARACTERISTICS 
| Characteristic | Symbol | Max | Unit _| 
mW/°C 


HIRSH-OP ERD OW ITCHING DIODE: | | stotal Devies Dissipation: Ta = 25°C ce | 
Derate above 25°C 2.8 
*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 
Reverse Breakdown Voltage 
(IR = 100 wAdc) 


Reverse Voltage Leakage Current 
(VR = 20 Vdc) 
(VR = 75 Vdc) 


Diode Capacitance 

(VR = 0 Vde, f = 1.0 MHz) 
Forward Voltage 

(l— = 10 mAdc) 


Reverse Recovery Time 
(I- = IR = 10 mAdc) (Figure 1) 


IR(REC)=1.0 mA 


50 © Output 50 2 Input 
Pulse Sampling VR 
Generator Oscilloscope INPUT SIGNAL OUTPUT PULSE 
(l—F = IR = 10 mA; measured 
— — at iR(REC) = 1.0 mA) 


Notes: 1. A 2.0 kO variable resistor adjusted for a Forward Current (IF) of 10 mA. 
2. Input pulse is adjusted so IR(peak) is equal to 10 mA. 
3. tp » trr 
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MMBD2835X36X 


CASE 318-02/03, STYLE 12 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


Reverse Voltage 
Forward Current 


THERMAL CHARACTERISTICS 


ona emma 
*Total Device Dissipation, Ta = 25°C ees 
Derate above 25°C 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


DUAL 
SWITCHING DIODE 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


| Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Reverse Breakdown Voltage 
(IR = 100 wAdc) MMBD2835X 
MMBD2836X 


Reverse Voltage Leakage Current 
(VR = 30 Vdc) MMBD2835X 
Bde = 50 a MMBD2836X 


Forward aoe 
(IE = 10 mAdc) 
(l-F = 50 mAdc) 
(IF = 100 mAdc) 


Reverse Recovery Time . - 
(IF = IR = 10 mAdc, iR(REC) = 1.0 mAdc) (Figure 1) 


820 2) 


+10 V 


IR(REC)=1.0 mA 


50 Output 


50 2 Input 


Pulse Sampling VR 
Generator Oscilloscope INPUT SIGNAL OUTPUT PULSE 
(I—- = IR = 10 mA; measured 
—_— —= at iR(REC) = 1.0 mA) 


Notes: 1. A 2.0 kQ variable resistor adjusted for a Forward Current (IF) of 10 mA. 
2. Input pulse is adjusted so IR(peak) is equal to 10 mA. 
3. tp >t 
p” “rr 
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i 
: 
) 
: 
\ 
\ 
i 
i 


MMBD2837X 


MMBD2838X MAXIMUM RATINGS 


CASE 318-02/03, STYLE 9 


D.C. Reverse Voltage MMBD2837 
SOT-23 (TO-236AA/AB) 


MMBD2838 


DUAL 
SWITCHING DIODE 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


*Thermal Resistance Junction to Ambient R@JA 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


po haracteristic | Symbot | min | Max | Unit 


OFF CHARACTERISTICS 


Reverse Breakdown Voltage 
((BR) = 100 wAdc) MMBD2837X 
MMBD2838X 


Reverse Voltage Leakage Current 
(VR = 30 Vdc) MMBD2837X 
(VR = 50 Vdc) MMBD2838X 


Diode Capacitance 
(VR = 0, f = 1.0 MHz) 


Forward Voltage 
(I— = 10 mAdc) 
(Ip = 50 mAdc) 
(l—F = 100 mAdc) 


Reverse Recovery Time . 
(ip = IR = 10 mAdc, iR(REC) = 1.0 mAdc) (Figure 1) 


820 


iIR(REC)=1.0 mA 


50 © Output 50 2 Input 


Pulse. Sampling VR 
_ Generator Oscilloscope INPUT SIGNAL OUTPUT PULSE 
(l—F = IR = 10 mA; measured 
— el at iR(REC) = 1.0 mA) 


Notes: 1. A 2.0 k0 variable resistor adjusted for a Forward Current (If) of 10 mA. 
2. Input pulse is adjusted so IR(peak) is equal to 10 mA. 
3. tp » trr 
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MMBD6050X 


CASE 318-02/03, STYLE 8 
MAXIMUM RATINGS SOT-23 (TO-236AA/AB) 


THERMAL CHARACTERISTICS 


[ex [va 


*Total Device Dissipation, Ta = 25°C SWITCHING DIODE 
Derate above 25°C 

Storage Temperature 

*Thermal Resistance Junction to Ambient R@JA 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min [Max | Unit 


OFF CHARACTERISTICS 

Reverse Breakdown Voltage 
((BR) = 100 wAdc) 

Reverse Voltage Leakage Current 
(VR = 50 Vdc) 


Forward Voltage 
(I- = 1.0 mAdc) 
(IF = 100 mAdc) 


Reverse Recovery Time 
(IF = IR = 10 mAdc, iR(REC) = 1.0 mAdc) (Figure 1) 


Capacitance 
(VR = 0) 


820 2) 


+10 V 


iR(REC)=1.0 mA 


50 © Output 50 9) Input 


Pulse Sampling VR 7 
Generator Oscilloscope INPUT SIGNAL OUTPUT PULSE 
. (Iz = IR = 10 mA; measured 
— = at IR(REC) = 1.0 mA) 


Notes: 1. A 2.0 kO variable resistor adjusted for a Forward Current (If) of 10 mA. 
2. Input pulse is adjusted so IR(peak) is equal to 10 mA. 
3. tp » ter 
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MMBD6100 


CASE 318-02/03, STYLE 9 


ma 
Forward Current | 


THERMAL CHARACTERISTICS 


*Total Device Dissipation, Ta = 25°C 

Derate above 25°C 
Storage Temperature 
*Thermal Resistance Junction to Ambient Rais JA 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


SWITCHING DIODE 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) | 


Pp haracteristig | Symbot | Min | Max | Unit | 


OFF CHARACTERISTICS 

Reverse Breakdown Voltage 
(l(BR) = 100 wAdc) 

Reverse Voltage Leakage Current 
(Vp = 50 Vdc) 


Forward Voltage 
(lp = 1.0 mAdc) 
(le = 100 mAdc) 


Reverse Recovery Time 
(IF = IR = 10 mAdc, iR(REC) = 1.0 mAdc) (Figure 1) 


820 © 


+10 V 


IR(REC)=1.0 mA 


50 © Output 50 © Input 


Pulse Sampling VR 
Generator Oscilloscope INPUT SIGNAL OUTPUT PULSE 
, (l-F = IR = 10 mA; measured 
— =a at iR(REC) = 1.0 mA) 


Notes: 1. A 2.0 kO variable resistor adjusted for a Forward Current (IF) of 10 mA. 
2. Input pulse is adjusted so IR(peak) is equal to 10 mA. 
3. tp »t 
p” ‘rr 
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MMBD7000 


CASE 318-02/03, STYLE 11 
‘MAXIMUM RATINGS SOT-23 (TO-236AA/AB) 


DUAL 
SWITCHING DIODE 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


*Thermal Resistance Junction to Ambient RaJA °C/W 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


) Characteristic | | Symbot_ | Min | Max | Unit 


OFF CHARACTERISTICS 


Reverse Breakdown Voltage 
(I(BR) = 100 wAdc) 


Reverse Voltage Leakage Current 
(VR = 50 Vdc) 
(VR = 100 Vdc) 
(VR = 50 Vdc, 125°C) 


Forward Voltage 
(IF = 1.0 mAdc) 
(l—F = 10 mAdc) 
(l—F = 100 mAdc) 


Reverse Recovery Time 
(I-F = IR = 10 mAdc) (Figure 1) 


Capacitance 
(VR = 0) 


820 0 


+10 V 


IR(REC)=1.0 mA 


50 (1 Output 50 2 Input 


Pulse Sampling VR 
Generator Oscilloscope INPUT SIGNAL OUTPUT PULSE 
(l- = IR = 10 mA; measured 
—= — at iR(REC) = 1.0 mA) 


Notes: 1. A 2.0 kOQ variable resistor adjusted for a Forward Current (IF) of 10 mA. 
2. Input pulse is adjusted so IR(peak) is equal to 10 mA. 
3. tp » trr 
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MMBF4391 
thru 
MMBF4393 


CASE 318-02/03, STYLE 10 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


| Rating =| Symbot | Value | Unit | 
Drain-Source Voltage Vps | 30s Vdc 
[Forward Gate Current |i) | 80 | mAde 


THERMAL CHARACTERISTICS | : 


| Characteristic =| Symbol | Max | 
*Total Device Dissipation, Ta = 25°C oe, ae mW 

Derate above 25°C 2.8 mW/°C 
eee aa Oe 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


SWITCHING TRANSISTOR 


N-CHANNEL 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) © 


| Characteristic | Symbot | Min | Max | unit | 


OFF CHARACTERISTICS 
Gate-Source Breakdown Voltage V(BR)GSS Vde 
(Ig = 1.0 wAdc, Vps = 0) 
Gate. Reverse Current I6ss 
(VGs = 15 Vde, Vps = 0, Ta = 25°C) 1.0 '  nAdc 
(VGs = 15 Vde, Vps = 0, Ta = 100°C) 0.20 pAdc 
Gate Source Cutoff Voltage ; VGS(off) Vdc 
(Vps = 15 Vdc, Ip = 10 nAdc) MMBF4391 4.0 
2.0 
. 0.5 
ON CHARACTERISTICS : 
Zero-Gate-Voltage Drain Ipss 
(Vps = 15 V, VGsg = 0) MMBF4391 
MMBF4392 
MMBF4393 
Drain Current 
(Vps = 15 Vde, Vgg = 12 Vdc) 
(Vps = 15, V@g = 12 Vde, Ta = 100°C) 
Drain-Source On-Voltage | . VDS(on) 
(Ip = 12 mAdc, Ves = 0) MMBF4391 
(Ip = 6.0 mAdc, Ves = 0) MMBF4392 “ 
(Ip = 3.0 mAdc, Ves = 0) MMBF4393 


MMBF4392 
MMBF4393 


Static Drain-Source On Resistance - 'DS(on) 
(Ip = 1.0 mAdc, Vgg = 0) MMBF4391 
- . MMBF4392 
MMBF4393 


SMALL-SIGNAL CHARACTERISTICS 


Input Capacitance 
(Vps = 15 Vde, Veg = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 0, VGsg = 12 Vde, f = 1.0 MHz) 
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MMBF4416 


CASE 318-02/03, STYLE 10 
MAXIMUM RATINGS SOT-23 (TO-236AA/AB) 


Vide 
Vide 


VHF/UHF AMPLIFIER TRANSISTOR 


N-CHANNEL 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


Storage Temperature 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


p Characteristic | Symbol | Min | Max | Unit | 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Ig = 1.0 wAdc, Vps = 0) 


Gate Reverse Current 


jon Goel (hel Baa 
(VGg = 20 Vde, Vps = 0) 


Iss 
nAdc. 
(VGs = 20 Vde, Vps = 0, Ta = 150°C) nAdc 
Gate Source Cutoff Voltage VGS(off) Vdc 
(Ip = 1.0 nAdc, Vpg = 15 Vde) 
Gate Source Voltage . VGsS Vdc 
(Ip = 0.6 mAdc, Vps = 15 Vdc) 
ON CHARACTERISTICS 


Zero-Gate-Voltage Drain 
(VGs = 15 Vdc, VGs = 0) 


Gate-Source Forward Voltage 
(lg = 1.0 mAdec, Vps = 0) 


SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 7500 pmMhos 
(Vps = 15 Vdc, Vgs = 0, f = 1.0 kHz) 

Output Admittance lYosl pumhos 
(Vps = 15 Vde, Vgsg = 0, f = 1.0 kHz) 

Input Capacitance Ciss 
(Vps = 15 Vde, Vgs = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss pF . 

(Vps = 15 Vde, Vgs = 0, f = 1.0 MHz) 

Output Capacitance Coss pF 
(Vps = 15 Vde, Vgsg = 0, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vps = 15 Vde, Ip = 5.0 mAdc, Rg ~ 1000 ©, f = 100 MHz) 
(Vps = 15 Vdc, Ip = 5.0 mAdc, Rg = 1000 2, f = 400 MHz) 


Common Source Power Gain 


(Vps = 15 Vde, Ip = 5.0 mAdc, f = 100 MHz) 
(Vpg = 15 Vdc, Ip = 5.0 mAdc, f = 400 MHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


3-63 


MMBF4860 


CASE 318-02/03, STYLE 10 
SOT-23 (TO-236AA/AB) 


SWITCHING TRANSISTOR 


N-CHANNEL 


MAXIMUM RATINGS 
Rating 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 2.8 mWw/°C 


Storage Temperature 150 
*Thermal Resistance Junction to Ambient 


*Package mounted on 99.5% alumina 10 x x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Pe haracteristic | Symbot | Min | Max | Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Ig = 1.0 wAdc, Vps = 0) 


Gate Reverse Current 
(VGs = 15 Vdc, Vps = 0) 
(Vgs = 15 Vdc, Vps = 0, Ta = 150°C) 
Gate Source Cutoff Voltage 
(Vps = 15 Vdc, Ip = 0.5 nAdc) 
ON CHARACTERISTICS 
Zero-Gate-Voltage Drain(1) 

(Vps = 15 Vdc, Vgs = 0) 
Drain Cutoff Current 

(Vps = 15 Vde, Vgg = 10 Vdc) 


(Vps = 15 Vdc, VGsg = 10 Vde, Ta = 150°C) 


Drain-Source On-Voltage 
(Ip = 10 mAdc, Ves = 0) 


Static Drain-Source On Resistance 
(V6s = 0, Ip = 0, f = 1.0 kHz) 
Input Capacitance 
(Vps = 0, VGsg = 10 Vde, f = 1.0 MHz) 
Reverse Transfer Capacitance 
(Vps = 0, VGg = 10 Vde, f = 1.0 MHz) 
SWITCHING CHARACTERISTICS 
Delay Time 
(Vpp = 10 Vdc, Ip(on) = 20 mAdc) 
(VG(on) = 9, VGS(off) = 10 Vdc) 
| Rise Time 


(Vpp = 10 Vdc, Ip(on) = 10 mAdc) 
(VGSi(on) = 9, VGS(off) = 6.0 Vdc) (Figure 1) 
Turn-Off Time 
(Vpp = 10 Vdc, Ip(on) = 5.0 mAdc) 
(VGSion) = 9, VGS(off) = 4.0 Vdc) (Figure 1) 
(1) Pulse Test: Pulse Width = 100 ms, Duty Cycle < 10%. 


: MOTOROLA SEMICONDUCTORS 


lass 
0.5 nAdc 
2.0 pAdc 


a a ad Baa 


ID(off) a 
nAdc 
pAdc 

pF 
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MMBF4860 


FIGURE 1 — SWITCHING TIMES TEST CIRCUIT 


tr < 1.0 ns tf < 1.0 ns 


VGS(on) 


INPUT 


OUTPUT — tanplenel oe les sees een 
INPUT tdion) 1 pe} tela) 
ee —_— : = tf 
= —— = 10% “Ky 
ss . : OUTPUT 


TEST CIRCUIT 


VOLTAGE WAVEFORMS 


NOTES: 1. The input waveforms are supplied by a generator with the following characteristics: 
Zout = 50 ohms, Duty Cycle ~ 2.0% 
2. Waveforms are monitored on an oscilloscope with the following characteristics: 
tr < 0.75 ns, Rin = 1.0 megohm, Cin < 2.5 pF. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


3-65 


MMBF5457 


CASE 318-02/03, STYLE 10 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


ee 
[Brain Source Votage ——~S~*wdSC« gs || 
[orinsewveteoe | Ypg [a5 vee 
[vac 


THERMAL CHARACTERISTICS 


| Characteristic | Symbol | Max 
*Total Device Dissipation, Ta = 25°C i 


GENERAL PURPOSE TRANSISTOR 


N-CHANNEL 


ida Dissinationc t= 350 
Derate above 25°C nue 
Storage Temperature a ae ae 
*Thermal Resistance Junction to Ambient 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Gate-Source Breakdown Voltage ViBR)GSS Vde 
(Ig = 10 wAdc, Vps = 0) 

Gate Reverse Current IiGgss nAdc 
(VGs = 15 Vdc, Vps = 0) 
(VGs = 15 Vde, Vps = 0, Ta = 100°C) 

Gate Source Cutoff Voltage VGS(off) Vdc 
(Vps = 15 Vdc, Ip = 10 nAdc) 

Gate Source Voltage VGS Vde 
(Vps = 15 Vde, Ip = 100 wAdc) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain(1) 


OFF CHARACTERISTICS 


(Vps = 15 Vdc, Veg = 0) 
SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance(1) Ys ~ 1000 pmhos 
(Vps = 15 Vdc, Ves = 0, f = 1.0 kHz) 

Reverse Transfer Admittance lYrsl pumhos 
(Vps = 15 Vdc, Ves = 0, f = 1.0 kHz) 

Input Capacitance Ciss 4.5 7.0 
(Vps = 15 Vdc, Vgsg = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss 
(Vps = 15 Vde, Vgs = 0, f = 1.0 MHz) 


_ (1) Pulse test: Pulse Width < 630 ms; Duty Cycle < 10%. 
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MMBF5459 


CASE 318-02/03, STYLE 10 


SOT-23 (TO-236AA/AB) 
MAXIMUM RATINGS 


[Rating ——=SS~S~*d;SSymbot | Value [Unit ‘| 
IG 


Reverse Gate-Source Voltage VGSir) Vdc 
Pcatecurent Sg 


THERMAL CHARACTERISTICS 
i 


*Total Device Dissipation, Ta = 25°C 350 mw 
Derate above 25°C 2.8 mWw/°C 
Storage Temperature 150 
*Thermal Resistance Junction to Ambient R@JA °C/W 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


TRANSISTOR 


N-CHANNEL 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 
Gate-Source Breakdown Voltage . V(BR)GSS 25 Vdc 
(lg = —10 pA, Vps = 0) 
Gate 1 Leakage Current Igiss 1.0 nA 
(VGs = —15 V, Vps = 9) 
Gate 2 Leakage Current Ig2ss 200 
(VGs = —15V, Vps = 0, Ta = 100°C) 


nA 
Gate Source Cutoff Voltage VGS(off) Vde 
(Vps = 15 V, Ip = 10 nA) 


ON CHARACTERISTICS 
farmers 
(Vps = 15 V, Ves = 0) 
SMALL-SIGNAL CHARACTERISTICS 
Need Kall al 


Forward Transfer Admittance lYFsl 
(Vps = 15 V, Veg = 0, f = 1.0 kHz) 

Output Admittance lYos| pumhos 
(Vps = 15 V, Vgsg = 0, f = 1.0 kHz) 

Input Capacitance Ciss 7.0 pF 
(Vps = 15 V, Veg = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss pF 
(Vps = 15 V, Ves = 0, f = 1.0 MHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


3-67 


MMBF5460 


CASE 318-02/03, STYLE 10 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 
| Rating | Symbol 
|Drain-Gate Voltage |S 


THERMAL CHARACTERISTICS 
| Characteristic | Symbol _| 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C ae 
Storage Temperature | Tstg | 150 | 
*Thermal Resistance Junction to Ambient 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


| Unit 
| Vdc 
| Vde 


GENERAL PURPOSE 
TRANSISTOR 


P-CHANNEL 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Pp haracteristic | Symbot_ | min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voitage V(BR)GSS | Vdc 
(Ig = 10 wAdc, Vps = 0) 
Gate Reverse Current Iess 
(VG@s = 20 Vdc, Vps = 0) _ nAdc 
(VGs = 20 Vdc, Vps = 0, Ta = 100°C) pAdc 
Gate Source Cutoff Voltage VGS(off) 0.75 Vdc 
(Vps = 15 Vde, Ip = 1.0 wAdc) 
Gate Source Voltage | VG6s Vde 
(Vps = 15 Vde, Ip = 0.1 mAdc) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain mAdc 
(Vps = 15 Vde, Vgg = 0) 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance lYfs| 4000 pmhos 
(Vps = 15 Vde, Veg = 0, f = 1.0 kHz) | 

Output Admittance lYos| 75 pmhos 
(Vps = 15 Vde, Vgs = 0, f = 1.0 kHz) 
Input Capacitance Ciss 7.0 pF 

(Vps = 15 Vde, Vgs = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss pF 

(Vps = 15 Vde, Ves = 0, f = 1.0 MHz) 


Equivalent Short-Circuit Input Noise Voltage a er be be nV/V Hz 


(Vps = 15 Vde, Ves = 0, RG = 1.0 MQ, 
f = 100 Hz, BW = 1.0 Hz) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS MMBF5484 


CASE 318-02/03, STYLE 10 
SOT-23 (TO-236AA/AB) 


Continuous Device Dissipation at or Below 
Tc = 25°C 
‘Linear Derating Factor 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


Storage Temperature 
*Thermal Resistance Junction to Ambient 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


TRANSISTOR 


N-CHANNEL 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | Max | Unit _| 
Gate-Source Breakdown Voltage V(BR)GSS Vdc 
(ig = —1.0 pA, Vps = 0) 
Gate Reverse Current IGss 
(VG6s = —20V, Vps = 0) 
(VGs = —20V, Vps = 0, Ta = 100°C) : pA 
Gate Source Cutoff Voltage VGS(off) —0.3 Vde 
(Vps = 15 V, Ip = 10 nA) 
ON CHARACTERISTICS 
Zero-Gate-Voltage Drain | mAdc 
(Vps = 15 V, Ves = 0) 
SMALL-SIGNAL CHARACTERISTICS 
Forward Transfer Admittance lYfs| 
(Vps = 15 V, VG@s = 0, f = 1.0 kHz) 
Output Admittance lYos! 
(Vps = 15 V, Ves = 0, f = 1.0 kHz) 
Input Capacitance Ciss 
(Vps = 15 V, Vgs = 0, f = 1.0 MHz) 
Reverse Transfer Capacitance Crss 
(Vps = 15 V, Vgg = 0, f = 1.0 MHz) 
Output Capacitance Coss 
(Vps = 15 V, Vgs = 0, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vps = 15 V, Ip = 1.0 mA, YG’ = 1.0 mmhos) 
(Rg = 1.0 kQ, f = 100 MHz) 
(Vps = 15 V, VGs = 0, YG’ = 1.0 wmho) 


OFF CHARACTERISTICS 


(Rg = 1.0 MQ, f = 1.0 kHz) 
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MMBF5486 


CASE 318-02/03, STYLE 10 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


Characteristic 


TRANSISTOR 


N-CHANNEL 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


Storage Temperature Tsta 


*Thermal Resistance Junction to Ambient R@JA 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


po Characteristic | Symbol | Min | Max | unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage V(BR)GSS —25 
(Vos = 0, IG = —1.0 pA) - 
Gate 1 Leakage Current Ig1ss —1.0 

(Vgs = —20V, Vps = 0) 

Gate 2 Leakage Current IG2ss pA 
(Vgs = —20V, Vps = 0, Ta = 100°C) 

Gate Source Cutoff Voltage | VGSioff) Vdc 
(Vps = 15 V, Ip = 10 nA) 


ON CHARACTERISTICS 


Vdc 
nA 


Zero-Gate-Voltage Drain 20 mA 
(VGs = 0, Vps = 15 V) 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance lyfs| 4000 8000 umhos 
(Vgs = 0, Vps = 15 V, f = 1.0 kHz) 
Input Admittance Re(yjs) 1000 pmhos 
(VGs = 0, Vps = 15 V, f = 400 MHz) 
Output Admittance lYos| 75 pmhos 
(VGs = 0, Vps = 15 V, f = 1.0 kHz) 
Output Conductance Re(yos) pmhos 
(VGs = 0, Vps = 15 V, f = 400 MHz) 
Forward Transconductance Re(yfs) pmhos 
(Vgs = 0, Vps = 15 V, f = 400 MHz) 
Input Capacitance Ciss 
(VGs = 0, Vps = 15 V, f = 1.0 MHz) 
Reverse Transfer Capacitance Crss pF 
(V6s = 0, Vps = 15 V, f = 1.0 MHz) 
Output Capacitance Coss 2.0 pF . 
(Ves = 0, Vps = 15 V, f = 1.0 MHz) | 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vps = 15 V, Ip = 4.0 mA, f = 100 MHz, Yg = 1.0 umhos) 
(Vps = 15 V, Ip = 4.0 mA, Rg = 1.0 kQ, f = 400 MHz, Yg = 1.0 pmhos) 
(VGs = 0, Vps = 15 V, Rg = 1.0 mQ, f = 1.0 kHz, Yg = 1.0 wmhos) 


Common Source Power Gain 
(Vps = 15 V, ID = 4.0 mA, f = 100 MHz) 
(Vps = 15 V, Ip = 4.0 mA, f = 400 MHz) 
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MMBFJ310 


CASE 318-02/03, STYLE 10 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


THERMAL CHARACTERISTICS 


Symbol 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


VHF/UHF AMPLIFIER 
TRANSISTOR 


N-CHANNEL 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


po Characteristic | Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage V(BR)GSS —25 Vdc 
(lg = —1.0 wAdc, Vps = 0) 
Gate Reverse Current IGss 

(VGs = —15 V) nAdc 

(VGs = —15V, Ta = 125°C) pAdc 
Gate Source Cutoff Voltage VGS(off) — 2.0 Vdc 

(Vps = 10 Vdc, Ip = 1.0 nAdc) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain lpss 24 mAdc 

(Vps = 10 Vdc, Vgs = 0) 


Gate-Source Forward Voltage. 
(Ig = 1.0 mAdc, Vps = 0) 
Forward Transfer Admittance lYfs| mmhos 
(Vps = 10 Vdc, Ip = 10 mAdc, f = 1.0 kHz) 
Output Admittance lYos| pmhos 
(Vps = 10 Vdc, Ip = 10 mAdc, f = 1.0 kHz) 
Input Capacitance Ciss pF 
(VGs = —10 Vdc, Vps = 0 Vdc, f = 1.0 MHz) 
Reverse Transfer Capacitance Crss pF 
(VGs = —10 Vde, Vps = 0 Vde, f = 1.0 MHz) 
Equivalent Short-Circuit Input Noise Voltage 10 nV/VHz | 
(Vps = 10 Vdc, lp = 10 mAdc, f = 100 Hz) 


SMALL-SIGNAL CHARACTERISTICS 
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MMBFU310 


CASE 318-02/03, STYLE 10 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


a 

[Gate-Source Vatage ———=S~S~sSC gg | 

[Gate Curent Sid tg | tt 
wx 


IS 


SS 


FET THERMAL CHARACTERISTICS 


TRANSISTOR 


*Total Device Dissipation, Ta = 25°C 
N-CHANNEL Derate above 25°C 


Storage Temperature 


*Thermal Resistance Junction to Ambient 357 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic [Symbol [Min [Max [Unit | 


Gate-Source Breakdown Voltage . ViBR)GSS ~—25 Vde 
(Ig = —1.0 pA, Vps = 0) 
Gate 1 Leakage Current ; IG1ss pA 
(VGs = —15V, Vps = 0) 
Gate 2 Leakage Current — 150 nA 
(Vgs = —15V, Vps = 0, Ta = 125°C) . 
Gate Source Cutoff Voltage VGS(off) Vdc 
(Vps = 10 V, Ip = 1.0 nA) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain 
(Vps = 10 V, Vgs = 0) 


Gate-Source Forward Voltage 
(Ig = 10 mA, Vps = 0) 


SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance lYfs| mmhos 
(Vps = 10 V, Ip = 10 mA, f = 1.0 kHz) 

Output Admittance | Vos! 150 pmhos 
(Vps = 10 V, Ip = 10 mA, f = 1.0 kHz) 

Input Capacitance Ciss pF 
(Vgs = —10V, Vps = 10 V, f = 1.0 MHz) ~ 

Reverse Transfer Capacitance Crss pF 
(VGs = —10V, Vps = 10 V, f = 1.0 MHz) 


OFF CHARACTERISTICS 
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MMBPU131 


: CASE 318-02/03, STYLE 14 
MAXIMUM RATINGS SOT-23 (TO-236AA/AB) 


[Rating ————SS~*d;SC*Symbol | Value‘ —Unit 

Power Dissipation Pp 350 mW 
Derate Above 25°C RJA 2.8 mW/°C 

DC Gate Current 


Repetitive Peak Forward Current 
100 us Pulse Width, 

1.0% Duty Cycle 
20 ws Pulse Width, 

1.0% Duty Cycle 


Non-Repetitive Peak Forward Current ITSM Amp 
10 xs Pulse Width 
Gate to Cathode Forward Voltage VGKF | aot 


Gate to Cathode Reverse Voltage VGKR | 50 Volt 
Gate to Anode Reverse Voltage VGAR 


THERMAL CHARACTERISTICS 


Characteristic 


UNIJUNCTION TRANSISTOR 


*Total Device Dissipation, TA = 25°C 
Derate above 25°C 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Characteristic | Symbot | Min] Max | Unit 


OFF CHARACTERISTICS 


Peak-Point Current 
(Vs = 10 Vde, Rg = 1.0 MQ) 
(Vg = 10 Vde, Rg = 10 kQ) 


On-State Voltage VT 0.2 Volts 
(Vs = 10 Vde, RG = 1.0 MQ) 
Luminous Intensity ly pA 
(Vg = 10 Vde, Rg = 1.0 MQ) — 
(Vg = 10 Vde, Rg = 10 kQ) 70 
Anode to Cathode On-State Voltage VF 1.5 Volts 
(I—e = 50 mA Peak) 


Output Voltage Vo Volts 
(Vg = 20 Vdc, Cc = 0.2 pF) 
Rise Time tr 
(VB = 20 Vdc, Ce = 0.2 pF) 
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MMBR901 


CASE 318-02/03, STYLE 6 MAXIMUM RATINGS 


SOT-23 (TO-236AA/AB) 
colletorBese Vatage ——*dtC~ ca | 8 


Emitter-Base Voltage 


Collector Current — Continuous 


RF AMPLIFIER TRANSISTOR 


*Total Device Dissipation, Ta = 25°C 


NPN SILICON Derate above 25°C 


Storage Temperature 


*Thermal Resistance Junction to Ambient R@JA 357 °C/W 
J 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Po Characteristic Symbol | Min | Max [Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(I¢ = 1.0 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vde 
(I¢ = 0.1 mAdc, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(Ie = 0.1 mAdc, Ic = 0) 
Collector Cutoff Current IcBO nAdc 
(VcB = 15 Vde, IE = 0) 


ON CHARACTERISTICS 


DC Current Gain hfe 
(ic = 5.0 mAdc, VcgE = 5.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance Cobo pF 
(VcB = 10 Vde, IE = 0, f = 1.0 MHz) 
Common-Emitter Amplifier Power Gain Gpe(1) 16 (Typ) aks 


(Vcc = 6.0 Vde, I¢ = 5.0 mAdc, f = 1.0 GHz) 


Noise Figure NF(1) 1.9 (Typ) 
(Ic = 5.0 mAdc, VcE = 6.0 Vdc, f = 1.0 GHz) 


(1) Noise figure and power gain measured on the Ailtech 7380 500 system. 
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MMBR920 


CASE 318-02/03, STYLE 6 


MAXIMUM RATINGS SOT-23 (TO-236AA/AB) 


[Golector miter Vote ——~—S*dt Veg | 
[colector-ese Voltage ———~—SS*dtCVcng 2 
[enersu vote igo [38 
a 
a 


Collector Current — Continuous 


THERMAL CHARACTERISTICS 


*Total Device Dissipation, Ta = 25°C oe mW 
Derate above 25°C mW/°C 
Storage Temperature ee oa ee a 
*Thermal Resistance Junction to Ambient | Raa | 357 | 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


RF AMPLIFIER/SWITCHING 
TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


a 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 15 Vde 
(Ic = 1.0 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 20 Vdc 
(ic = 0.1 mAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 2.0 Vde 
(IE = 0.1 mAde, Ic = 0) 

Collector Cutoff Current 


(VcB = 10 Vdc, IE = 0) 
ON CHARACTERISTICS 


DC Current Gain hee 25 
(Ic = 14 mAdc, VcgE = 10 Vdc) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(i¢ = 14 mAdc, Vcg = 10 Vde, f = 0.5 GHz) 


Collector-Base Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 


Noise Figure 


(I¢ = 2.0 mAdc, VcE = 10 Vdc, f = 0.5 GHz) 
(I¢ = 2.0 mAdc, Vcg = 10 Vde, f = 1.0 GHz) 


Common-Emitter Amplifier Power Gain 
(I¢ = 2.0 mAdc, Vcf = 10 Vde, f = 0.5 GHz) 
(Ic = 2.0 mAdc, Vcf = 10 Vdc, f = 1.0 GHz) 


(1) Noise figure and power gain measured on the Ailtech 7380 50 0 system. 
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MMBR930 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


Emitter-Base Voltage 


THERMAL CHARACTERISTICS 


[| Characteristic | Symbol _ 
*Total Device Dissipation, Ta = 25°C _ Lee oe me 
Derate above 25°C 2.8 mw/°C 
[Storage Temperature | Tot | 150 | 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


AMPLIFIER/SWITCHING 
TRANSISTOR 


NPN SILICON 


Collector Current — Continuous | 35 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


| Characteristic | Symbot_ | min | typ | Max | Unit _| 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 12 Vdc 
(Ic = 1.0 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 15 Vdc 
(Ic = 0.1 mAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(I—E = 0.1 mAdc, Ic = 0) . 


Collector Cutoff Current 
(Vcp = 5.0 Vdc, Ie = 0) 


ON CHARACTERISTICS 


DC Current Gain hre 250 
(I¢ = 30 mAdc, VcEe = 5.0 Vde) 


SMALL-SIGNAL CHARACTERISTICS 


Collector-Base Capacitance 
(VcB = 10 Vde, IE = 0, f = 1.0 MHz) 


Noise Figure 
(I¢ = 2.0 mAdc, VcgE = 5.0 Vde, f = 0.5 GHz) 


(I¢ = 2.0 mAdc, VcgE = 5.0 Vdc, f = 1.0 GHz) 


Common-Emitter Amplifier Power Gain 
(I¢ = 2.0 mAdc, Vege = 5.0 Vde, f = 0.5 GHz) 
(I¢ = 2.0 mAdc, VcgE = 5.0 Vdc, f = 0.5 GHz) 


(1) Noise figure and power gain measured on the Ailtech 7380 50 © system. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


3-76 


MMBR931 


MAXIMUM RATINGS CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


Emitter-Base Voltage VEBO 
Collector Current — Continuous Ic 


THERMAL CHARACTERISTICS 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


Storage Temperature 
*Thermal Resistance Junction to Ambient °C/W 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


RF AMPLIFIER TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


fp Characteristic | Symbot_ | Min | typ | Max | Unit 


OFF CHARACTERISTICS | 

Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(I¢ = 0.1 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 0.01 mAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 0.1 mAdc, Ic = 0) 


Collector Cutoff Current 


(VcB = 5.0 Vdc, Ie = 0) 
ON CHARACTERISTICS 


DC Current Gain NFE 
(Ic = 0.25 mAdc, Vcg = 1.0 Vdc) | 


SMALL-SIGNAL CHARACTERISTICS 


Collector-Base Capacitance 
(VcB = 1.0 Vdc, Ie = 0, f = 1.0 MHz) 


Noise Figure 


(Ile = 0.25 mAdc, Vce = 1.0 Vde, f = 1.0 GHz) 


Gate Power Dissipation 
(IE = 0.25 mAdc, VcE = 1.0 Vde, f = 1.0 GHz) 


(1) Noise figure and power gain measured on the Ailtech 7380 50 2 system. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MMBR2060 


CASE 318-02/03, STYLE 6 SAR SiRACIG RATINGS: 


Collector-Emitter Voltage 
Collector-Base Voltage 


| SOT-23 (TO-236AA/AB) 


Emitter-Base Voltage 


Collector Current — Continuous 


THERMAL CHARACTERISTICS 


| Characteristic | Symbol | Max | Unit 
mW 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C mw/°C 
*Thermal Resistance Junction to Ambient Raja 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


| RF AMPLIFIER TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


| Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage | V(BR)CEO Vdc 
(I¢ = 1.0 mAdc, Ip = 0) 

Collector Cutoff Current ICBO nAdc 
| (Veg = 10 Vdc, IE = 0) | 

Emitter Cutoff Current ~ 100 pAdc 

| (VeEB = 4.0, Ic = 0) 

ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 5.0 mAdc, Vcg = 5.0 Vdc) 
(Ic = 20 mAdc, VcE = 10 Vdc, f = 500 MHz) 


Collector-Emitter Saturation Voltage VCE(sat) -Vde 
(I¢ = 80 mAdc, IB = 8.0 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 0.98 Vdc 
(Ic = 40 mAdc, Ig = 20 mAdc) 

_ SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 20 mAdc, VcgE = 1.0 Vde, f = 100 MHz) 


Collector-Base Capacitance 
(Vcp = 10 Vdc, IE = 0) 


Emitter-Base Capacitance 


(Veg = 0.5 Vdc, Ic = 0) 


Noise Figure 
(VcE = 10 Vdc, IE = 1.5 mAdc, f = 450 MHz) 


Common-Emitter Amplifier Power Gain 
(VcE = 10 Vdc, Ig = 1.5 mAdc, f = 450 Mhz) 


(1) Noise figure and power gain measured on the Ailtech 7380 50 © system. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MMBR2857 


MAXIMUM RATINGS CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


rating Symbot [Vate [Unt 
[Collector-Emitter Voltage | Veo | 8 |Video 
[Collector-Base Voltage | Vcwo | 80 |e 
J EmitterBase Voltage | Vewo | 28 | Ve 

er ae ee 


Ic 


THERMAL CHARACTERISTICS 


Characteristic | Symbol | Max | Unit 


*Total Device Dissipation, Ta = 25°C 350 
Derate above 25°C a 8 awe 


Storage Temperature r tsta. 


*Thermal Resistance Junction to Ambient R@JA — 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


RF TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(Ic = 3.0 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage . V(BR)CBO Vde 
(Ic = 1.0 pAdce, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 2.5 Vde . 
(IE = 10 wAdc, ic = 0) 


Collector Cutoff Current 


(VcB = 15 Vdc, Ip = 0) 
ON CHARACTERISTICS 


DC Current Gain hFE 
(I¢ = 3.0 mAdc, Vcg = 1.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 4.0 mAdc, VcgE = 10 Vde, f = 100 MHz) 


Collector-Base Capacitance 
(VcB = 10 Vdc, IE = 0, f = 0.1 MHz) 


Small-Signal Current Gain 


(I¢ = 2.0 mAdc, Vcg = 6.0 Vdc, f = 1.0 kHz) 


Noise Figure 
(I¢ = 1.5 mAdc, Vcg = 6.0 Vdc, Rg = 50, f = 450 MHz) 


Common-Emitter Amplifier Power Gain 
(I¢ = 1.5 mAdc, Vcg = 6.0 Vde, f = 450 MHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MMBR4957 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


Vde 
Emitter-Base Voltage ; Vdc 
a a a 


Collector Current — Continuous Ic 


THERMAL CHARACTERISTICS 


| Characteristic =| Symbol | = Max | Unit_| 
*Total Device Dissipation, Ta = 25°C Lae ee 
Derate above 25°C 2.8 mW/°C 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


RF AMPLIFIER TRANSISTOR 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (Tap = 25°C unless otherwise noted.) 
po haracteristic | Symbot | min | Max | unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I¢ = 1.0 mAdc, Ip = 0) 


Collector-Base Breakdown Voltage 
(lc = 100 Adc, IE = 0) 


Emitter-Base Breakdown Voltage 
(Ie = 100 pAdc, Ic = 0) 


Collector Cutoff Current 
(VcB = 10 Vde, ic = 0) 


ON CHARACTERISTICS 


DC Current Gain hee 150 
(I¢ = 2.0 mAdc, Vcg = 10 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(IE = 2.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 


Collector-Base Capacitance Cob pF 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 
Common-Emitter Amplifier Power Gain(1) | See 17 (Typ) Lo ae | 


(VcE = 10 Vdc, Ic = 2.0 mAdc, f = 450 MHz) 


Noise Figure(1) 3.0 (Typ) 
(I¢ = 2.0 mAdc, VcgE = 10 Vdc, f = 450 MHz) 


(1) Noise figure and power gain measured on the Ailtech 7380 50 0 system. 
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MMBRS5031 


MAXIMUM RATINGS CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


Emitter-Base Voltage VEBO 


Collector-Base Voltage VCBO pes 
Collector Current — Continuous | 20 


THERMAL CHARACTERISTICS 


Ble tee! 
| Characteristic =| Symbol | Max | 
*Total Device Dissipation, Ta = 25°C Lit oe mW 
Derate above 25°C 2.8 mWwW/°C 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


RF AMPLIFIER TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(Ic = 1.0 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage _ V(BR)CBO Vdc 
(I¢ = 0.01 mAdc, Ig = 0) 

Emitter-Base Breakdown Voltage . V(BR)EBO Vdc 
(iE = 0.01 mAdc, Ic = 0) 

Collector Cutoff Current 10 


(VcB = 6.0 Vdc, IE = 0) 
ON CHARACTERISTICS 


DC Current Gain hFE 
(Ic = 1.0 mAdc, VcE = 6.0 Vdc) . 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 5.0 mAdc, Vcg = 6.0 Vdc, f = 100 MHz) 


Collector-Base Capacitance 
(VcE = 6.0 Vdc, IE = 0, f = 0.1 MHz) 


Noise Figure 
(Ic = 1.0 mAdc, Vcg = 6.0 Vdc, f = 450 MHz) 


Common-Emitter Amplifier Power Gain 
(I¢ = 1.0 mAdc, Vcg = 6.0 Vde, f = 450 MHz) 


(1) Noise figure and power gain measure on Ailtech 7380 50 Q system. 


SMALL-SIGNAL DEVICES | ~ MOTOROLA SEMICONDUCTORS 
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MMBR95179 


CASE 318-02/03, STYLE 6 MAXIMUM RATINGS 
SOT-23 (TO-236AA/AB) 


[Collector-Emitter Voltage | Vceo | 12 | Ve 
| Collector-Base Voltage | Vesa | 0 

[emiuseteVotags | vegg [25 [vee 
a ee 


THERMAL CHARACTERISTICS 


Syme [oe [on 


*Total Device Dissipation, Ta = 25°C 350 

Derate above 25°C 2.8 mre 
Storage Temperature | Teg | 150 | 
*Thermal Resistance Junction to Ambient RJA aoe 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


RF AMPLIFIER TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted. ) 


Symbol ae ee a 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO '  Vde 
(Ic = 3.0 mAdc, Ig = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(I¢ =.0.01 mAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 0.01 mAdc, Ic = 0) 

Collector Cutoff Current ICBO pAdc 
(VcB = 15 Vdc, Ig = 0) 

ON CHARACTERISTICS 

DC Current Gain hee 25 
(I¢ = 3.0 mAdc, VcE = 1.0 Vdc) 
Collector-Emitter Saturation Voltage | VCE(sat) Vde 

(I¢ = 10 mAdc, Ip = 1.0 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) Vdc 

(Ic = 10 mAdc, Ip = 1.0 mAdc) . : 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 5.0 mAdc, VcgE = 6.0 Vdc, f = 100 MHz) 


Collector-Base Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 0.1 to 1.0 MHz). 


Small Signal Current Gain 


(I¢ = 2.0 mAdc, Vcge = 6.0 Vdc, f = 1.0 kHz) 


Noise Figure 
(Ic = 1.5 mAdc, VcgE = 6.0 Vde, Rs = 50 2, f = 200 Mhz) 


Common-Emitter Amplifier Power Gain 
(VcE = 6.0 Vdc, Ic = 5.0 mAdc, f = 200 MHz) 


(1) Noise figure and power gain measured on the Ailtech 7380 50 0 system. 
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MMBS5060,61,62 


CASE 318-02/03, STYLE 14 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


Peak Forward Blocking Voltage; 
RG = 1.0 k MMBS5060 
MMBS5061 
MMBS5062 


THERMAL CHARACTERISTICS 


Characteristic 


*Total Device Dissipation, Ta = 25°C mW 
Derate above 25°C 


SILICON CONTROLLED RECTIFIER 


PNPN DEVICE 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Gate Trigger Voltage MMBS5060 = 30V 
(RE = 100 0, Rg6c = 1.0 kQ, Anode Voltage = MMBS5061 = 60V 
Tc = 125°C) MMBS5062 = 100 V 


Peak Forward Blocking Current MMBS5060 = 30V 
(RGc = 1.0 kQ, VeExm = MMBS5061 
Tc = 125°C) MMBS5062 


Peak Reverse Blocking Current MMBS5060 = 30V 
(Rgc = 1.0 kQ, VRXM = MMBS5061 = 60V 
Tc = 125°C) MMBS5062 = 100 V 


Forward Voltage* VF 1.7 V 
(Ip = 1.2 A Peak) . 

Gate Trigger Current** IGT . pA 
(RGc = 1.0 kX, Vac = 7.0 V, RE = 1000 

Gate Trigger Voltage VGT V 
(RGc = 1.0 kX, Vac = 7.0 V, RL = 100 0 

Holding Current IH mA 
(Vac = 7.0 V, RGc = 1.0 kQO 


*PW < 1.0 ms, D.C. < 1.0%. : 
**RGC current not included in measurement. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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Premmnondientinnn a omene— ne Ras Se 


SF trek orcs a ttn lB BAR 


MMBT404,A_ 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


Collector-Emitter Voltage 


THERMAL CHARACTERISTICS 


a ae ee 
| *Total Device Dissipation, Ta = 25°C eh eee 
_ Derate above 25°C 2.8 mWw/°C 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


CHOPPER TRANSISTOR 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


[SC haracteriste «dC Symb in Ty  Mox [ne 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(Ic = 10 mAdc, Ig = 0) MMBT404 
MMBT404A 


Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 10 pAdc, IE = 0) MMBT404 
MMBT404A 


Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 wAdc, Ic = 0) MMBT404 12 
MMBT404A 25 


Collector Cutoff Current ICBO nAdc 
(VcB = 10 Vdc, IE = 0) 

Emitter Cutoff Current nAdc 
(VBE = 10 Vdc, Ic = 0) | 


ON CHARACTERISTICS 


Base-Emitter Saturation Voltage 
SWITCHING CHARACTERISTICS 


DC Current Gain hre 
(I¢ = 12 mAdc, VcgE = 0.15 Vdc) 
Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(Ic = 12 mAdc, Ip = 0.4 mAdc) 0.15 | 
(Ic = 24 mAdc, lp = 1.0 mAdc) 0.20 
VBE(sat) Vdc 
(Ic = 12 mAdc, Ig = 0.4 mAdc) 0.85 
(I¢ = 24 mAdc, Ip = 1.0 mAdc) 1.0 
SMALL-SIGNAL CHARACTERISTICS | : 
Output Capacitance Cobo pF 
| (VcpB = 6.0 Vdc, Ie = 0) 
Delay Time 
(Vcc = 10 Vde, lc = 10 mAdc) (Figure 1) 
Rise Time 
(Ig1 = 1.0 mAdc, VBE(off) = 14 Vdc) 


Storage Time 
(Vcc = 10 Vdc, Ic = 10 mAdc) 


Fall Time 
(IB1 = Ip2 = 1.0 mAdc) (Figure 1) 
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MMBT404,A 


FIGURE 1 — SWITCHING TIME TEST CIRCUIT 


VBB Vcc = -10V 


Vin VBB 
(Volts) (Volts) 


ton tat | = 12 | +14 
oft ts andty | +206 | 11.6 


Voltages and resistor values shown are 
for Ic = 10 mA, Ic/lp = 10 and Igy = Ip2 
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~ MMBT918 


CASE 318-02/03, STYLE 6 MAXIMUM RATINGS 
SOT-23 (TO-236AA/AB) 


Value 

| Collector-Emitter Voltage | VEO | 

| Collector-Base Voltage | Vc | 80 

Emitter-Base Voltage 

ice | 80 
| Max | 


| Unit 


Collector Current — Continuous 


THERMAL CHARACTERISTICS 


| Characteristic | Symbol _ | Unit 


*Total Device Dissipation, Ta = 25°C mW 
Derate above 25°C mW/°C 
Storage Temperature | Teg | 150 | | 
*Thermal Resistance Junction to Ambient 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


VHF/UHF TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic [symbol [min [Max [Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 

(I¢ = 3.0 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(I¢ = 1.0 wAdce, Ie = 0) . 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 10 wAdc, Ic = 0) 

Collector Cutoff Current ICBO nAdc 
(VcB = 15 Vdc, Ie = 0) 


ON CHARACTERISTICS 


DC Current Gain ; hre 
(I¢ = 3.0 mAdc, VcE = 1.0 Vdc) 
Collector-Emitter Saturation Voltage VCE(sat) Vde 
(Ic = 10 mAdc, Ip = 1.0 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) Vde 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 4.0 mAdc, VcgE = 10 Vde, f = 100 MHz) 


Output Capacitance 
(VcB = 0 Vde, Ie = 0, f = 1.0 MHz) 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 
Input Capacitance 
(VERB = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 
Noise Figure 
(I¢ = 1.0 mAdc, VcgE = 6.0 Vde, Rs = 500, 
f = 60 MHz) (Figure 1) 


Power Output 
(Ic = 8.0 mAdc, Vcg = 15 Vde, f = 500 MHz) 


Common-Emitter Amplifier Power Gain 
(I¢ = 6.0 mAdc, Vcg = 12 Vde, f = 200 MHz) 
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MMBT918 


FIGURE 1 — NF, Gpe MEASUREMENT CIRCUIT 20-200 


VBB Vcc 


EXTERNAL 


100k )|( 1000 pF Bypass 
IC 
( 0.018 uF 
{i 


5 
3 G 
0.018 pF 


NF Test Conditions 
Ic = 1.0 Amp 
VcE = 6.0 Volts 
Rs = 500 
f = 60 MHz 


0.018 pF 


0.018 uF 


Gpe Test Conditions 
Ic = 6.0 mA 
VCE = 12 Volts 
f = 200 MHz 
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MMBT930 


CASE 318-02/03, STYLE6 |  saximumratines 
SOT-23 (TO-236AA/AB) 


[Collector-Emitter Voltage | ceo | 8 
Emitter-Base Voltage | Vepo | 50 | 
Collector Current — Continuous ee a ee 


THERMAL CHARACTERISTICS 


Characteristic 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


Storage Temperature 


*Thermal Resistance Junction to Ambient 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


GENERAL PURPOSE TRANSISTOR 


NPN SILICON 


Refer to MPS3904 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 
| haracteristic | Symbot | Min | Max | Unit 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I¢ = 10 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage 
(I¢ = 10 wAdce, IE = 0) 
Emitter-Base Breakdown Voltage 
(I= = 10 wAdc, Ic = 0) 
Collector Cutoff Current 
(VceE = 5.0 Vde, Ip = 0) 


Collector Cutoff Current 
(Vcgp = 45 Vde, Ie = 0) 


Collector Cutoff Current 
(VceE = 45 Vdc, Vee = 0) 


Emitter Cutoff Current 
(Veg = 5.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 10 wAdc, Vce = 5.0 Vdc) 
(ic = 500 Adc, Vcg = 5.0 Vdc) 


hFE 
100 300 
150 a 
(I¢ = 10 mAdc, VcE = 5.0 Vdc) . — 600 


Collector-Emitter Saturation Voltage VCE(sat) Vde 
(i¢ = 10 mAdc, Ig = 0.5 mAdc) | . 
Base-Emitter Saturation Voltage VBE(sat) Vde 

(Ic = 10 mAdc, lp = 0.5 mAdc) 
SMALL-SIGNAL CHARACTERISTICS | 


Current-Gain — Bandwidth Product 
(I¢ = 500 wAdc, VcE = 5.0 Vde, f = 30 MHz) 


Output Capacitance 


(Vcp = 5.0 Vde, IE = 0, f = 1.0 MHz) 


Noise Figure 
(I¢ = 10 wAdc, VcE = 5.0 Vde, Rg = 10 kO, 
f = 10 Hz to 15.7 kHz) 
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MAXIMUM RATINGS 


MMBT2222,A 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


THERMAL CHARACTERISTICS 


*Total Device Dissipation, Ta = 25°C [ae 


Derate above 25°C 


Storage Temperature 
*Thermal Resistance Junction to Ambient R@JA 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


TRANSISTOR 


NPN SILICON 


Refer to MPS2222 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot_| Min | Max | Unit _| 


OFF CHARACTERISTICS 


ColJector-Emitter Breakdown Voltage 
(l¢ = 10 mAdc, Ip = 0) 


Collector-Base Breakdown Voltage 
(I¢ = 10 pAdc, IE = 0) 


Emitter-Base Breakdown Voltage 
(l—E = 10 wAdc, Ic = 0) 


Collector Cutoff Current 
(VcE = 60 Vdc, VEB(off) = 3.0 Vdc) 


Collector Cutoff Current 
(VcgB = 50 Vdc, IE 
(VcB = 60 Vdc, IE 
(Vcp = 50 Vdc, IE 
(Vcg = 50 Vdc, Ig 


Emitter Cutoff Current 
(VERB = 3.0 Vdc, Ic = 0) 


| Base Cutoff Current 
(VcE = 60 Vdc, VEB(off) = 3.0 Vdc) 


ON CHARACTERISTICS 


DC Current Gain 

(Ic = 0.1 mAdc, Vcg = 10 Vdc) 

(i¢ = 1.0 mAdc, VcE = 10 Vdc) 

(I¢ = 10 mAdc, VcE = 10 Vdc) 

(I¢ = 10 mAdc, VcE = 10 Vde, Ta = —55°C) 
(i¢ = 150 mAdc, Vcg = 10 Vdc)(1) 

(ic = 150 mAdc, Vcg = 1.0 Vde)(1) 

(I¢ = 500 mAdc, Vcg = 10 Vdc)(1) 


Collector-Emitter Saturation Voltage(1) 
(Ic = 150 mAde, Ip = 15 mAdc) 


(I¢ = 500 mAdc, Ip = 50 mAdc) 


V(BR)CEO 
MMBT2222 
MMBT2222A 


V(BR)CBO 
MMBT2222 
MMBT2222A 


V(BR)EBO 
MMBT2222 


MMBT2222A 
MMBT2222A 


MMBT2222 
MMBT2222A 
MMBT2222 
MMBT2222A 


MMBT2222A 


MMBT2222A 


MMBT2222A only 


MMBT2222 
MMBT2222A 40 


- EB 


MMBT2222 
MMBT2222A 


MMBT2222 
MMBT2222A 


SMALL-SIGNAL DEVICES 
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MMBT2222,A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit _| 


Base-Emitter Saturation Voltage(1) VBE(sat) 
(Ic = 150 mAdsc, Ip = 15 mAdc) MMBT2222 
MMBT2222A 
(I¢ = 500 mAdc, Ig = 50 mAdc) MMBT2222 
MMBT2222A 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(I¢ = 20 mAdc, VcgE = 20 Vdc, f = 100 MHz) MMBT2222 
MMBT2222A 


Output Capacitance 
(VcB = 10 Vdc, IE = 0, f = 1.0 MHz) 


Input Capacitance 
| (VEB = 0.5 Vdc, Ic = 0, f = 1.0 MHz) MMBT2222 
MMBT2222A 


Input Impedance 
(I¢ = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) MMBT2222A 
(Ic = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) MMBT2222A 


Voltage Feedback Ratio 
(I¢ = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) MMBT2222A 
(I¢ = 10 mAdc, Vcg = 10 Vde, f = 1.0 kHz) MMBT2222A 


Smail-Signal Current Gain 
(I¢ = 1.0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) MMBT2222A 
(I¢ = 10 mAdc, VcE = 10 Vde, f = 1.0 kHz) MMBT2222A 


Output Admittance 
(I¢ = 1.0 mAdc, VcgE = 10 Vdc, f = 1.0 kHz) MMBT2222A 
(ic = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) MMBT2222A 


Collector Base Time Constant 
(IE = 20 mAdc, Vcp = 20 Vdc, f = 31.8 MHz) MMBT2222A 


Noise Figure 
(I¢ = 100 wAdc, VcE = 10 Vdc, Rg = 1.0 kO, f = 1.0 kHz) MMBT2222A 


SWITCHING CHARACTERISTICS MMBT2222A only 


Delay Time (Vcc = 30 Vde, VBE(off) = 0.5 Vde, 


(Vcc = 30 Vdc, Ic = 150 mAde, 
Fall Time IB1 = Ip2 = 15 mAdc) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
(2) fy is defined as the frequency at which |h¢g| extrapolates to unity. 
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MMBT2369 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


Symbol 
Collector-Emitter Voltage VCEO | 
Collector-Emitter Voltage VCES 


Collector-Base Voltage VCBO 


Emitter-Base Voltage VEBO 
Collector Current — Continuous | ic | 500 


Ic 


THERMAL CHARACTERISTICS 


[Characteristic ———~—~—=«| “Symbol | Max [Unit 

*Total Device Dissipation, TA = 25°C Le he, tee 
Derate above 25°C 2.8 mW/°C 

[Storage Temperature —=S~*~wC‘ir | Std 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


SWITCHING TRANSISTOR 


NPN SILICON 


Refer to MPS2369 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


[SSCS aterstn «dS yeti | ty | Me |e 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1} V(BR)CEO 15 Vdc 
(I¢ = 10 mAdc, Ip = 0) . 

Collector-Emitter Breakdown Voltage ViBR)CES | - 40 Vdc 
(Ic = 10 wAdc, Veg = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 10 wAdec, Ie = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 10 pAdc, Ic = 0) 

Collector Cutoff Current 
(VcB = 20 Vdc, Ie = 0) 
(VcB = 20 Vdc, Ip = 0, Ta = 125°C) 

hFE 

(I¢ = 10 mAdc, Vcfe = 1.0 Vdc) 40 
(I¢ = 10 mAdc, Vcg = 1.0 Vde, Ta = —55°C) 20 
(I¢ = 100 mAdc, VcgE = 2.0 Vdc) 20 

Collector-Emitter Saturation Voltage(1) | VCE(sat) 0.25 Vdc 
(I¢ = 10 mAdc, Ig = 1.0 mAdc) 

Base-Emitter Saturation Voltage(1) VBE(sat) 0.70 Vde 
(ic = 10 mAdc, Ip = 1.0 mAdc) 
(VcB = 5.0 Vde, IE = 0, f = 1.0 MHz) 

Small Signal Current Gain 
(Ic = 10 mAdc, VceE = 10 Vdc, f = 100 MHz) 

SWITCHING CHARACTERISTICS 

Storage Time 


ON CHARACTERISTICS 
SMALL-SIGNAL CHARACTERISTICS 
(Ig1 = Ip2 = I¢ = 10 mAdc) 


DC Current Gain(1) 
Output Capacitance 


Turn-On Time 


(Vcc = 3.0 Vde, Ic = 10 mAdc, Ip1 = 3.0 mAdc) 


Turn-Off Time 
(Vcc = 3.0 Vde, Ic = 10 mAdc, Ipz = 3.0 mAdc, 
Ip2 = 1.5 mAdc) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MMBT2484. 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


Collector-Emitter Voltage 


Collector-Base Voltage Se 
Emitter-Base Voltage | 6.0 


Collector Current — Continuous 


THERMAL CHARACTERISTICS 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


Storage Temperature 


LOW NOISE TRANSISTOR 


NPN SILICON 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 
Refer to MPSA18 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


po Characteristig | Symbot | min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(Ic = 10 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 10 wAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(lE = 10 wAdc, ic = 0) 

Collector Cutoff Current ICBO | 
(VcB = 45 Vdc, Ie = 0) nAdc 
(Vcp = 45 Vde, Ie = 0, Ta 150°C) pAdc 

Emitter Cutoff Current nAdc 
(VBE = 5.0 Vdc, Ic = 0) 

ON CHARACTERISTICS 

DC Current Gain hee 
(Ic = 1.0 mAdc, VcE = 5.0 Vdc) = 
(ig = 10 mAdc, VcE = 5.0 Vdc) 800 

Collector-Emitter Saturation Voltage VCE(sat) Vde 
(I¢ = 1.0 mAdc, Ip = 0.1 mAdc) 

Base-Emitter On Voltage . VBE(on) 0.95 Vdc 
(ic = 1.0 mAdc, Veg = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 


Input Capacitance 


(VBE = 0.5 Vde, Ic = 0, f = 140 kHz) 


Noise Figure 
(Ic = 10 wAdc, VcE = 5.0 Vde, Rg = 10 kO, f = 1.0 kHz, BW = 200 Hz) 
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MAXIMUM RATINGS CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


[Rating | Symbot pszan7wpczaa7a] Unit 
[calectorémiver votage———* Veeo | 40 | 60 | Vue | 
ae 
Wao 


Collector-Base Voltage VCBO EE ae 
Emitter-Base Voltage VEBO a 
Collector Current — Continuous | tc | 600—s=*” 


THERMAL CHARACTERISTICS 


Characteristic 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


GENERAL PURPOSE TRANSISTOR 


PNP SILICON 


°C/W 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


Refer to MPS2907 for graphs. 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot | min | Max | Unit | 
(ic = 10 mAdc, Ip = 0) MMBT2907 


V(BR)CEO 
MMBT23907A 
Collector-Base Breakdown Voltage V(BR)CBO 
(ic = 10 wAdc, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 
(l—E = 10 pAdc, Ic = 0) 
Collector Cutoff Current ICEX nAdc 
(VcE = 30 Vdc, VBE(off) = 0.5 Vdc) 
Collector Cutoff Current ICBO 
0.020 
0.010 
(Veg = 50 Vde, IE = 0, Ta = 125°C) MMBT2907 
MMBT2907A 


(Vcp = 50 Vdc, IE = 0) MMBT2907 
MMBT2907A 
Base Current nAdc 
(VcE = 30 Vdc, VBE(off) = 0.5 Vdc) 
ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 0.1 mAdc, VcgE = 10 Vdc) MMBT2907 
MMBT2907A 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 


(Ic = 1.0 mAdc, Vcg = 10 Vdc) MMBT2907 
MMBT2907A 


(ic = 10 mAdc, Vcg = 10 Vdc) MMBT2907 
| MMBT2907A 


(ic = 150 mAdc, Vcg = 10 Vdc)(1) MMBT2907, MMBT2907A 


(I¢ = 500 mAdc, Vcg = 10 Vdc)(1) MMBT2907 
MMBT2907A 


Collector-Emitter Saturation Voltage(1) VCE(sat) 
(Ic = 150 mAdc, Ip = 15 mAdc) 
(l¢ = 500 mAdc, Ip = 50 mAdc) 


Base-Emitter Saturation Voltage(1) VBE(sat) 
(I¢ = 150 mAdc, Ip = 15 mAdc) 
(i¢ = 500 mAdc, Ip = 50 mAdc) 
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MMBT2907,A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


SMALL-SIGNAL CHARACTERISTICS — 

Current-Gain — Bandwidth Product(1),(2) fT 200 
(Ic = 50 mAdc, VcE = 20 Vdc, f = 100 MHz) 

Output Capacitance . ‘ome pF 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 

Input Capacitance Cibo 30 pF 
(VBE = 2.0 Vdc, Ic = 0, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time ee 
; “1 (Vcc = 30 Vdc, Ic = 150 mAdc, 
Delay Time . Igy = 15 mAde) 


Turn-Off Time 
(Vcc = 6.0 Vde, Ic = 150 mAdc, 
Fall Time 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
(2) f7 is defined as the frequency at which |hfe| extrapolates to unity. 
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MMBT3640 


MAXIMUM RATINGS CASE 318-02/03, STYLE 6 


Collector-Emitter Voltage VCEO 


SOT-23 (TO-236AA/AB) 


Collector-Base Voltage Veo 
Emitter-Base Voltage : VEBO | 40 
Collector Current — Continuous a a ae 


THERMAL CHARACTERISTICS 


Characteristic 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


SWITCHING TRANSISTOR 


PNP SILICON 


Storage Temperature 


*Thermal Resistance Junction to Ambient R@JA 357 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


Refer to MPS3640 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


a 
OFF CHARACTERISTICS 

[collector Emitter Breakdown Volage = 100 nde Vap=0) ———~—~S~«d;Camces | Sd Cae 

collector Emitter Sustaining Voltagel) (ig = 10 mAde, lg = 0) ~*~ Vceoisusy | 12 |e 

collector Base Breakdown Voltage lig'= 100uAdc, le = 0) ~————~—S*d‘Mapcno | te | ae 


Collector Cutoff Current (VcfE = 6.0 Vdc, Vee = 0) 
(VcE = 6.0 Vdc, Vee = 0, Ta = 65°C) 


(VcE = 6.0 Vdc, Vege = 0) 


Base Current 


ON CHARACTERISTICS(1) 


DC Current Gain (Ic = 10 mAdc, VcgE = 0.3 Vdc) hFE 30 
(I¢ = 50 mAdc, VcgE = 1.0 Vde) 20 


Collector-Emitter Saturation Voltage (Ic = 10 mAdc, lg = 1.0 mAdc) VCE(sat) 0.2 -  Vde 
(i¢ = 50 mAdc, Ig = 5.0 mAdc) 0.6 
(I¢ = 10 mAdc, Ig = 1.0 mAdc, Ta = 65°C) 0.25 


Base-Emitter Saturation Voltage (Ic = 10 mAdc, IR = 0.5 mAdc) 


(Ic = 10 mAdc, Ip = 1.0 mAdc) 
(I¢ = 50 mAdc, Ip = 5.0 mAdc) 


VBE(sat) 0.75 0.95 Vde 
0.8 1.0 
_ 1.5 
SMALL SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product (ic = 10 mAdc, Vcg = 5.0 Vdc,f = 100MHz) | fr | 500 | — | MHz | 


Output Capacitance (Vcp = = 5.0 Vdc, Ig = 0, f = 1.0 MHz) | Cobo | — | 35 | mF | 
Input Capacitance (VBE = 0.5 Vdc, Ic = 0, f = 1.0 MHz) | Cibo | = | 8] 


SWITCHING CHARACTERISTICS 


Delay Time (Vcc = 6.0 Vdc, Ic = 50 mAdc, VBE(off) = 1.9 Vdc, 


Fall Time 


Turn-On Time 


(Vcc = 6.0 Vdc, Ic = 50 mAdc, VBE(off) = 1.9 Vde, Ig1 = 5.0 mAdc) 
(Vcc = 1.5 Vdc, Ic = 10 mAdc, Igp1 = 0.5 mAdc) 


Turn-Off Time 
(Vcc = 6.0 Vdc, Ic = 50 mAdc, VBE(off) = 1.9 V, IB1 = IB2 = 5.0 mAdc) 
(Vcc = 1.5 Vde, I¢ = 10 mAdc, Ig1 = IB2 = 0.5 mAdc) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MMBT3903 
MMBT3904 


MAXIMUM RATINGS 


[Collector-émitter Voltage | Vceo | 40 | 
[Collector-Base Vote | Vcpo | OO 
-Enviuer Base Wetge Meee 
IR | 200 


| J THERMAL CHARACTERISTICS 


GENERAL PURPOSE TRANSISTOR 


*Total Device Dissipation, Ta = 25°C 
NPN SILICON 


| CASE 318-03, STYLE 6 
SOT-23 (TO-236AA/AB) 


Derate above 25°C 


Storage Temperature engi eee eer 
*Thermal Resistance Junction to Ambient R@JA 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


Refer to 2N3903 for graphs. 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Saal [ie ee one 


Collector-Emitter Breakdown Voltage(1) | V(BR)CEO 
(Ic = 1.0 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 10 wAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(l_E = 10 wAde, Ic = 0) 

Base Cutoff Current IBL nAdc 
(VcE = 30 Vdc, Veg = 3.0 Vdc) 
Collector Cutoff Current ICEX nAdc 

(VcE = 30 Vde, Veg = 3.0 Vdc) 


ON CHARACTERISTICS 
DC Current Gain(1) 


(ic = 0.1 mAdc, VcE = 1.0 Vdc) MMBT3903 
MMBT3904 


OFF CHARACTERISTICS 


| | (Ile = 1.0 mAde, VcE = 1.0 Vde) MMBT3903 
MMBT3904 


(ic = 10 mAdc, Vcg = 1.0 Vde) MMBT3903 
MMBT3904 


(Ic = 50 mAde, VcE = 1.0 Vdc) MMBT3903 
MMBT3904 


(I¢ = 100 mAdc, VcE = 1.0 Vdc) MMBT3903 
MMBT3904 


30 
Collector-Emitter Saturation Voltage(1) | VCE(sat) 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 
(Ic = 50 mAdc, ip = 5.0 mAdc) 
Base-Emitter Saturation Voltage(1) VBE(sat) 
(I¢ = 10 mAdc, lg = 1.0 mAdc) 
(I¢ = 50 mAdc, Ip = 5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 
| Current-Gain — Bandwidth Product 
| (Ic = 10 mAdc, VcgE = 20 Vdc, f = 100 MHz) MMBT3903 
7 MMBT3904 
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MMBT3903 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


po haracteristic Symbol | tin | Max | Unit 


Output Capacitance Cobo pF 
(VcB = 5.0 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance Cibo pF 
(VpE = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 


Input Impedance 
(i¢ = 1.0 mAdc, VcgE = 10 Vdc, f = 1.0 kHz) MMBT3903 
MMBT3904 


Voltage Feedback Ratio 
(I¢ = 1.0 mAdc, VcgE = 10 Vdc, f = 1.0 kHz) MMBT3903 
MMBT3904 


Small-Signal Current Gain 
(Ic = 1.0 mAdc, Vcf = 10 Vdc, f = 1.0 kHz) MMBT3903 
MMBT3904 


Output Admittance 

(Ic = 1.0 mAdc, VcgE = 10 Vdc, f = 1.0 kHz) 
Noise Figure 
(Ic = 100 wAdc, VcE = 5.0 Vdc, Rg = 1.0 k ohms, MMBT3903 
f = 10 Hz to 15.7 kHz) MMBT3904 
SWITCHING CHARACTERISTICS 


(Vcc = 3.0 Vde, Veg = 0.5 Vdc, 
Ic = 10 mAdc, Ip = 1.0 mAdc) 


(Vcc = 3.0 Vde, Ic = 10 mAdc, MMBT3903 
Ip1 = Ip2 = 1.0 mAdc) MMBT3904 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MMBT3906 


CASE 318-02/03, STYLE 6 MAXIMUM RATINGS 
SOT-23 (TO-236AA/AB) 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 


THERMAL CHARACTERISTICS 


Characteristic 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


Storage Temperature 


*Thermal Resistance Junction to Ambient RJA 357 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


GENERAL PURPOSE TRANSISTOR 


PNP SILICON 


Refer to 2N3905 for graphs. 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


po haracteristic | Symbot | Min | Max | Unit 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vdc 
(Ic = 1.0 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 10 wAdc, IE = 0) 


Emitter-Base Breakdown Voltage 
(IE = 10 wAdc, Ic = 0) 

Base Cutoff Current 
(VcE = 30 Vdc, VpE = 3.0 Vdc) 


Collector Cutoff Current 
(VcE = 30 Vdc, VgE = 3.0 Vdc) 


ON CHARACTERISTICS(1) 


DC Current Gain 
(I¢ = 0.1 mAdc, VcE = 1.0 Vde) 
(Ic = 1.0 mAdc, VcE = 1.0 Vdc) 
(ic = 10 mAdc, Vcge = 1.0 Vdc) 
(I¢ = 50 mAdc, VcE = 1.0 Vdc) 60 
(Ic = 100 mAdc, VcFE = 1.0 Vdc) 30 


Collector-Emitter Saturation Voltage VCE(sat) 
(lc = 10 mAde, Ip = 1.0 mAdc) 
(i¢ = 50 mAdc, Ip = 5.0 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) 
(I¢ = 10 mAdc, Ig = 1.0 mAdc) 0.85 
(I¢ = 50 mAdc, Ip = 5.0 mAdc) 0.95 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 10 mAdc, Vce = 20 Vde, f = 100 MHz) 
Output Capacitance 
(VcB = 5.0 Vdc, Ie = 0, f = 100 kHz) 


Input Capacitance 
(Vee = 0.5 Vde, Ic = 0, f = 100 kHz) 


Input Impedance 
(IC = 1.0 mAdc, VcE = 10 Vde, f = 1.0 kHz) 


Voltage Feedback Ratio 
(I¢ = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 


Small-Signal Current Gain 
(ic = 1.0 mAdc, Vcg = 10 Vde, f = 1.0 kHz) 
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MMBT3906 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 
Pp haracteristic | Symbol | Min | Max 


Output Admittance hoe 3.0 pumhos 
(I¢ = 1.0 mAdc, VcgE = 10 Vdc, f = 1.0 kHz) 
Noise Figure NF — 
(Ic = 100 pAdc, Veg = 5.0 Vdc, Rg = 1.0 k ohm, f = 10 10 Hz to 15.7 kHz) 


SWITCHING CHARACTERISTICS 


Delay Time (Vcc = 3.0 Vde, Vee = 0.5 Vde 


Rise Time Ic = 10 mAdc, lpi = 1.0 mAdc) 


Fall Time Bi = IB2 = 1.0 mAdc) 


[Storage Time | (Vcc = 3.0 Vde, I¢ = 10 mAde, 


(1) Pulse Width < 300 ws, Duty Cycle <= 2.0%. 
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MMBT4124 


CASE 318-02/03, STYLE 6 MAXIMUM RATINGS 
SOT-23 (TO-236AA/AB) 


THERMAL CHARACTERISTICS 


Symbol 


*Total Device Dissipation, Ta = 25°C 

Derate above 25°C 
Storage Temperature 
*Thermal Resistance Junction to Ambient RAJA 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ww 


GENERAL PURPOSE TRANSISTOR 


NPN SILICON 


Refer to 2N4123 for graphs. 


OFF CHARACTERISTICS 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 10 wAdc, IE = 0) 

Emitter Cutoff Current. nAdc 
(VBE = 3.0 Vdc, Ic = 0) 
(Ic = 2.0 mAdc, VcgE = 1.0 Vde) 

Base-Emitter Saturation Voltage(1) VBE(sat) Vde 
(Ic = 50 mAdc, Ip = 5.0 mAdc) 
(Ic = 10 mAdc, VcgE = 20 Vde, f = 100 MHz) 

Input Capacitance 
(l—e = 0, Vcgp = 5.0 V, f = 100 kHz) 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vdc 
(I¢ = 1.0 mAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(le = 10 wAdc, Ic = 0) 

Collector Cutoff Current ICBO nAdc 
(VcB = 20 Vdc, Ie = 0) . 

ON CHARACTERISTICS 

DC Current Gain(1) hFE 

120 

(I¢ = 50 mAdc, VcgE = 1.0 Vde) 60 

Collector-Emitter Saturation Voltage(1) VCE(sat) Vde 
(Ic = 50 mAdc, Ip = 5.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain — Bandwidth Product 

Output Capacitance 
(VcB = 5.0 Vdc, Ie = 0, f = 100 kHz) 
(VBE = 0.5 Vdc, Ic = 0, f = 100 kHz) 

| Collector-Base Capacitance 
Small-Signal Current Gain 
(I¢ = 2.0 mAdc, VcfE = 10 Vdc, f = 1.0 kHz) 


Current Gain — High Frequency 
(Ic = 10 mAdc, Vcg = 20 Vdc, f = 100 MHz) 
(I¢ = 2.0 mAdc, Vcg = 10 V, f = 1.0 kHz) 


Noise Figure 
(ic = 100 wAdc, Vcg = 5.0 Vde, Rg = 1.0 kohm, 
Noise Bandwidth = 10 Hz to 15.7 kHz) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
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MAXIMUM RATINGS 


MMBT4125 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 1.0 
Derate above 25°C 8.0 
Operating and Storage Junction Ty, Tstg —55 to + 150 °C 
Temperature Range 


THERMAL CHARACTERISTICS 


Characteristic 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


*Thermal Resistance Junction to Ambient R@JA °C/W 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


= 3/23 
3#/3* 


GENERAL PURPOSE TRANSISTOR 


PNP SILICON 


Refer to 2N4125 for graphs. 
ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


pS haracteristic | Symbot_ | min | ax [Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 30 Vde 
(i¢ = 1.0 mAdc, IE = 0) . 
Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 10 wAdc, Ie = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(lg = 10 pAdc, Ic = 0) 
Collector Cutoff Current ICBO nAdc 
(VcB = 20 Vdc, Ie = 0) 
Emitter Cutoff Current nAdc 
(VBE = 3.0 Vdc, Ic = 0) 
ON CHARACTERISTICS 
DC Current Gain(1) hre 
(I¢ = 2.0 mAdc, Vcg = 1.0 Vdc) 
(Ic = 50 mAdc, VcgE = 1.0 Vde) 
Collector-Emitter Saturation Voltage(1) VCE(sat) Vde 
(Ic = 50 mAdc, Ip = 5.0 mAdc) 
Base-Emitter Saturation Voltage(1) VBE(sat) Vde 
(Ic = 50 mAdc, Ip = 5.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS . 
Current-Gain — Bandwidth Product 
(Ic = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 
Input Capacitance 
(VBE = 0.5 Vdc, Ic = 0, f = 100 kHz) 
Collector-Base Capacitance 
(VcB = 5.0 Vdc, le = 0, f = 100 kHz) 
Small-Signal Current Gain 
(I¢ = 2.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 


Current Gain — High Frequency 
(I¢ = 10 mAdc, VcgE = 20 Vdc, f = 100 MHz) 


Noise Figure 
(I¢ = 100 wAdc, VcE = 5.0 Vde, Rs = 1.0 kohm, 
Noise Bandwidth = 10 Hz to 15.7 kHz) 


(1) Pulse Test: Pulse Width = 300 usec, Duty Cycle = 2.0%. 


~SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MMBT4401 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) MAXIMUM RATINGS 


Symbol | Value | Unit _| 
| Collector-Emitter Voltage | Vceo | 0 
[Collector-Base Voltage | Vso | 
-Emive Sane Votege ____/_Yeso_{ _0__ 
| 600 
| Max 


Collector Current — Continuous 


THERMAL CHARACTERISTICS 


Characteristic 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


Storage Temperature es 
*Thermal Resistance Junction to Ambient R@JA | 357s 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


SWITCHING TRANSISTOR 


NPN SILICON 


Refer to 2N4401 for graphs. 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit _| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) (I¢ = 1.0 mAdc, Ip = 0) | weryceo | 40 | — | Vde | 
| Collector-Base Breakdown Voltage Ic = O.1mAdcie=0) | iprycpo | 60 | | Vo 

Emitter-Base Breakdown Voltage (IE = 0.1 mAdc, Ic = 0) | VipreBoO | 60 | — | Vdc | 
[Base Cutoff Current (cE = 35Vde,Vep=04Vde) | twevy | | tnd 
Collector Cutoff Current (VcE = 35 Vdc, Veg = 0.4 Vdc) | icex | — | 01 | padde | 


ON CHARACTERISTICS(1) 


DC Current Gain (Ic = 0.1 mAdc, VcE = 
(I¢ = 1.0 mAdc, Veg = 1.0 Vdc) 
(I¢ = 10 mAdc, VcgE = 1.0 Vdc) . 
(I¢ = 150 mAdc, VcE = 1.0 Vdc) 
(I¢ = 500 mAdc, VcE = 2.0 Vdc) 


Collector-Emitter Saturation Voltage (Ic = 150 mAdc, Ip = 15 mAdc) VCE(sat) 0.4 
(i¢ = 500 mAdc, Ip = 50 mAdc) 0.75 
Base-Emitter Saturation Voltage (Ic = 150 mAdc, lp = 15 mAdc) VBE(sat) 0.75 

(Ic = 500 mAdc, IB = 50 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 20 mAdc, Vcg = 10 Vdc, f = 100 MHz) 


Collector-Base Capacitance 
(VcB = 5.0 Vdc, Ie = 0, f = 100 kHz) 


Emitter-Base Capacitance 
(VBE = 0.5 Vde, ic = 0, f = 100 kHz) 


Input Impedance 
(I¢ = 1.0 mAdc, VcgE = 10 Vdc, f = 1.0 kHz) 


Voltage Feedback Ratio 
(I¢ = 1.0 mAdc, Vcgz = 10 Vdc, f = 1.0 kHz) 


Small-Signal Current Gain 
(Ic = 1.0 mAdc, VcgE = 10 Vdc, f = 1.0 kHz) 


Output Admittance 
(Ic = 1.0 mAdc, VcgE = 10 Vdc, f = 1.0 kHz) 


SWITCHING CHARACTERISTICS 


il Time Wee = 30 Vdc, VEB = = 2.0 Vde, 


1.0 Vdc) 


il I 


(Voc = 30 Vde, Ic = 150 mAde, 
Fall Time Ip1 = Ip2 = 15 mAdc) 


(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 


3-102 


MMBT4403 


MAXIMUM RATINGS CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


SWITCHING TRANSISTOR 


PNP SILICON 


*Total Device Dissipation, Ta = 25°C 


Derate above 25°C Fae 2.8 


Storage Temperature Tstg | 150 |e 
*Thermal Resistance Junction to Ambient R@JA 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


Refer to 2N4402 for graphs. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


[SSC haracteristic Sd Symbol | Min | Max Unt 
OFF CHARACTERISTICS 

[collector Emitter Breakdown Votagell) (ic = 1.0mAdeip= 0) ———~*(Y' ence | 0 «|v 
Collector-Base Breakdown Voltage (Ic = 0.1 mAdc, IE = 0) | wercao | 40—| | CU Sd 

Emitter-Base Breakdown Voltage (l— = 0.1 mAdc, Ic = 0) | Vierepo | 50 | — | Vac | 

Base Cutoff Current (VcE = 35 Vdc, Veg = 0.4 Vdc) 


Collector Cutoff Current (Vcg = 35 Vdc, Vpe = 0.4 Vde) icex | — | 


ON CHARACTERISTICS 


DC Current Gain (Ic = 0.1 mAdc, Vcg = 1.0 Vdc) 
(I¢ = 1.0 mAdc, Veg = 1.0 Vdc) 
(ic = 10 mAdc, Vcg = 1.0 Vdc) 
(Ic = 150 mAdc, Vcg = 2.0 Vde)(1) 
(I¢ = 500 mAdc, VcgE = 2.0 Vde)(1) 


Collector-Emitter Saturation Voltage(1) (l¢ = 150 mAdc, Ig = 15 mAdc) 
(I¢ = 500 mAdc, Ig = 50 mAdc) 


Base-Emitter Saturation Voltage(1) (ic = 150 mAdc, ig = 15 mAdc) 
(I¢ = 500 mAdc, Ig = 50 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product (Ic = 20 mAdc, Vcg = 10 Vde, f = 100 MHz) 
Collector-Base Capacitance (Vcp = 10 Vdc, Ig = 0, f = 140 kHz) Cob 


Emitter-Base Capacitance (Vpe = 0.5 Vdc, Ic = 0, f = 140 kHz) 
Input Impedance (Ic = 1.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 


Voltage Feedback Ratio (Ic = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 
(ic = 1.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 


Small-Signal Current Gain 
(I¢ = 1.0 mAdc, Vcg = 10 Vde, f = 1.0 kHz) 


| tsk | 

Poot 4 

Output Admittance | 10 
SWITCHING CHARACTERISTICS 

Ic = 150 mAdc, Ip1 = 15 mAdc) ft, 

a 

| _ = 


(Voc = 30 Vdc, I¢ = 150 mAde, 
Fall Time Ip1 = Ip2 = 15 mAdc) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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ee fe wanes Rien * eo 


MMBT5086,87 


CASE. 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


Rating ————SS—~*d:CSymbot [vate [Unie 

[Golecoremiter Votes «Sogo | so | vo 
ae 

<a 


Vde 
Collector-Base Voltage VcBO 
Emitter-Base Voltage VEBO F380 Vde 

Collector Current — Continuous pic | 0 mde 


\ 


" 


LOW NOISE TRANSISTOR 


PNP SILICON 


THERMAL CHARACTERISTICS 


Symbol 


3.0 
*Total Device Dissipation, Ta = 25°C 350 mw 
Derate above 25°C 2.8 mWw/°C 
Storage Temperature | Tsig | 150 | 
*Thermal Resistance Junction to Ambient R@JA 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


Refer to 2N5086 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(I¢ = 1.0 mAdc, Ig = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vde 
(I¢ = 100 wAdc, IE = 0) 
Collector Cutoff Current ICBO nAdc 
10 
50 


OFF CHARACTERISTICS 


(VcB = 10 Vdc, IE = 0) 
(VcB = 35 Vdc, Ie = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 100 wAdc, VcE 


5.0 Vdc) MMBT5086 
MMBT5087 


(I¢ = 1.0 mAdc, VcE = 5.0 Vdc) MMBT5086 
MMBT5087 


(i¢ = 10 mAdc, VcE = 5.0 Vdc) MMBT5086 
MMBT5087 


Collector-Emitter Saturation Voltage 


VCE(sat) Vde 
(Ic = 10 mAdc, Ip = 1.0 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) Vdc 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 500 wAdc, VcE = 5.0 Vde, f = 20 MHz) 


Output Capacitance 
(VcB = 5.0 Vde, IE = 0, f = 100 kHz) 


Small-Signal Current Gain 
(ic = 1.0 mAdc, VcgE = 5.0 Vdc, f = 1.0 kHz) MMBT5086 
(Ic = 1.0 mAdc, Vcg = 5.0 Vde, f = 1.0 kHz) MMBT5087 


Noise Figure 
(Ic = 20 mAdc, Vcg = 5.0 Vde, Rg = 10 kO, 
f = 10 Hz to 15.7 kHz) MMBT5086 
MMBT5087 


(Ic = 100 wAdc, VcE = 5.0 Vdc, 
Rs = 3.0 kQ, f = 1.0 kHz) MMBT5086 
MMBT5087 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 


Rating Symbol | MMBT5088 | MMBT5089 


_{ Collector-Emitter Voltage VCEO | 30s | Vde 
Collector-Base Voltage VcBO | 35 S| 0 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C : mWw/°C 


Storage Temperature | Tstg | 500 | 
*Thermal Resistance Junction to Ambient RaJA °C/W 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


MMBT5088,89 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


LOW NOISE TRANSISTOR 


NPN SILICON 


Refer to MPSA18 for graphs. 


Characteristic | Symbol | Min | Max [Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I¢ = 1.0 mAdc, Ip = 0) MMBT5088 
MMBT5089 
Collector-Base Breakdown Voltage 
(Ic = 100 Adc, IE = 0) MMBT5088 
. MMBT5089 
Collector Cutoff Current 
(VcB = 20 Vdc, IE = 0) MMBT5088 
(VcB = 15 Vdc, IE = 0) MMBT5089 
Emitter Cutoff Current 
(VEB(off) = 3.0 Vdc, Ic = 0) MMBT5088 
(VEB(off) = 4.5 Vdc, Ic = 0) MMBT5089 


ON CHARACTERISTICS 


DC Current Gain (I¢ = 100 wAdc, VcE = 5.0 Vdc) MMBT5088 
MMBT5089 


(Ic = 1.0 mAdc, Vcg = 5.0 Vdc) MMBT5088 
MMBT5089 


(ic = 10 mAdc, Veg = 5.0 Vdc) MMBT5088 
MMBT5089 


Collector-Emitter Saturation Voltage (Ic = 10 mAdc, Ip = 1.0 mAdc) 
Base-Emitter Saturation Voltage (ic = 10 mAdc, Ip = 1.0 mAdc) 
SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(I¢ = 500 pAdc, VcgE = 5.0 Vde, f = 20 MHz) 
Collector-Base Capacitance 

(VcB = 5.0 Vdc, IE = 0, f = 100 kHz emitter guarded) 


Emitter-Base Capacitance 
(VBE = 0.5 Vde, Ic = 0, f = 100 kHz collector guarded) 


Small Signal Current Gain 
(I¢ = 1.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz) MMBT5088 
MMBTS5089 


Noise Figure 
(Ic = 100 pAdc, VcE = 5.0 Vdc, Rg = 10 kO, 
f = 10 Hz to 15.7 Hz) MMBT5088 
MMBT5089 


SMALL-SIGNAL DEVICES 
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cae peg | =|") 
= eg [| - |". 


| Vesa) | — | 05 | vdeo 
| Vec(saty | — | 08 | vdeo 


~ MOTOROLA SEMICONDUCTORS 


MMBT5401 


CASE 318-02/03, STYLE 6 MAXIMUM RATINGS 
SOT-23 (TO-236AA/AB) 


-—___fating_|_Symbol_ | __valve | _Unit_ 
Collector-Emitter Voltage VCEO | 150 
Collector-Base Voltage VCBO | 160 


Emitter-Base Voltage VEBO FBO 
Collector Current — Continuous re a ee 


THERMAL CHARACTERISTICS 


| Characteristic | Symbol | Max | Unit 


*Total Device Dissipation, Ta = 25°C 

Derate above 25°C ave 
Storage Temperature | Teg | 160 |e 
*Thermal Resistance Junction to Ambient Reds JA <a 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


HIGH VOLTAGE TRANSISTOR 


PNP SILICON 


Refer to 2N5401 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


po Chavacteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(I¢ = 1.0 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vde 
(I¢ = 100 wAdc, Ie = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(l— = 10 wAdc, Ic = 0) 
Collector Cutoff Current ICBO 
nAdc 
pAdc 


(Vcp = 100 Vdc, IE = 0) 
(Vcp = 100 Vdc, IE = 0, Ta = 150°C) 


ON CHARACTERISTICS 


DC Current Gain 
(i¢ = 1.0 mAdc, VcE 
(I¢ = 10 mAdc, VcE 
(Ic = 50 mAdc, VcE 


Collector-Emitter Saturation aveiace VCE(sat) 
(ic = 10 mAde, Ig = 1.0 mAdc) 
(Ic = 50 mAdc, Ip = 5.0 mAdc) 


Base-Emitter Saturation Voltage VBE(sat) 
(Ic = 10 mAdc, lp = 1.0 mAdc) 
(I¢ = 50 mAdc, Ig = 5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 10 mAdc, Vcg = 10 Vdc, f = 100 MHz) 


Output Capacitance 
(Vcp = 10 Vdc, Ie = 0, f = 1.0 MHz) 


Small Signal Current Gain 
(ic = 1.0 mAdc, VcE = 10 Vde, f = 1.0 kHz) 


Noise Figure 
(Ic = 200 wAdc, VcE = 5.0 Vde, Rg = 10 ohms, 
f = 10 Hz to 15.7 kHz) 


MOTOROLA SEMICONDUCTORS ~ SMALL-SIGNAL DEVICES 
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f 


MMBT5550 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 


THERMAL CHARACTERISTICS 


Characteristic 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


HIGH VOLTAGE TRANSISTOR 


NPN SILICON 


Storage Temperature 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


Refer to 2N5550 for graphs. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Characteristic | Symbot_ | Min | Max | Unit 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 140 
(Ic = 1.0 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 160 
(ic = 10 pAdc, Ic = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 wAdc, Ic = 0) 


Collector Cutoff Current 


(Vcgp = 100 Vdc, IE = 0) 
(VcB = 100 Vdc, IE = 0, Ta = 100°C) 


Emitter Cutoff Current 
(VERB = 4.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(i¢ = 1.0 mAdc, VcE = 5.0 Vdc) 


(I¢ = 10 mAdc, Vcg = 5.0 Vdc) 
(Ic = 50 mAdc, Vcf = 5.0 Vdc) 20 


Collector-Emitter Saturation Voltage VCE(sat) Vde 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 0.15 
(I¢ = 50 mAdc, Ip = 5.0 mAdc) 0.25 
Base-Emitter Saturation Voltage VBE(sat) Vde 
(i¢ = 10 mAdc, lp = 1.0 mAdc) 1.0 
(I¢ = 50 mAdc, Ip = 5.0 mAdc) 1.2 
SMALL-SIGNAL CHARACTERISTICS . 


Current-Gain — Bandwidth Product Lie 8 100 
(Ic = 10 mAdc, VcE = 10 Vde, f = 100 MHz) : 


‘Output Capacitance 
| (VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 


Input Capacitance 
(VBE = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MMBT6427 


CASE 318-02/03, STYLE 6 MAXIMUM RATINGS 
SOT-23 (TO-236AA/AB) 


[Collector-Emitter Voltage | ceo | AO 
[Collector-Base Voltage |= Vcpo | 40 | Vie 
Emitter-Base Voltage . VEBO Vdc 
Te ile 21 


Collector Current — Continuous 


DARLINGTON TRANSISTOR 


NPN SILICON 


*Total Device Dissipation, Ta = 25°C Le ee. 

Derate above 25°C mWw/°C 
Storage Temperature 
*Thermal Resistance Junction to Ambient R@JA 357 °C/W 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


Refer to 2N6426 for graphs. 
‘ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Characteristic | Symbot_| Min | Max | unit _| 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 10 mAdc, Ip = 0) 


Collector-Base Breakdown Voltage 
(I¢ = 100 pAdc, IE = 0) 


Emitter-Base Breakdown Voltage 
(Ic = 10 pAde, Ic = 0) 


Collector Cutoff Current 
(VcB = 30 Vdc, IE = 0) 


Emitter Cutoff Current 
(VBE = 10 Vdc, Ic = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(I¢ = 10 mAdc, Vcg = 5.0 Vdc) 100,000 
(I¢ = 100 mAdc, Vcg = 5.0 Vdc) 200,000 
(I¢ = 500 mAdc, VcfF = 5.0 Vdc) 140,000 


Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(lc = 50 mAdc, Ip = 0.5 mAdc) 
(Ic = 500 mAdc, Ip = 0.5 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) Vde 
(I¢ = 500 mAdc, Ip = 0.5 mAdc) 


Base-Emitter On Voltage 


(ic = 50 mAde, Vcg = 5.0 Vdc) 
_ SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance Cobo 7.0 
(VcB = 10 Vdc, ie = 0, f = 1.0 MHz) . 


Input Capacitance Cibo 
(VBE = 0.5, Ic = 0, f = 1.0 MHz) 
Current Gain — High Frequency lhtel Vdc 
(ic = 10 mAdc, VcE = 5.0 Vde, f = 100 MHz) | 


Noise Figure 
(ic = 1.0 mAdc, Vcg = 5.0 Vdc, Rg = 100 kO, 
f = 1.0 kHz to 15.7 kHz) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MMBT6428,29 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


Rating Symbol | MMBT6428 | MMBT6429 


[calecoremivervotige | Vero | 80 | a8 |v 
‘collector-Bese Votage | Vogo | 60 | 88 |v 
[EmiterBese Votage | Vegg | ao 
[collector Current — Continvous [I | 200 


THERMAL CHARACTERISTICS 


Characteristic 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
Storage Temperature 
*Thermal Resistance Junction to Ambient Raa 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


AMPLIFIER TRANSISTOR 


NPN SILICON 


Refer to MPSA18 for graphs. 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


J Characteristic | Symbot | Min | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(I¢ = 1.0 mAdc, Ip = 0) MMBT6428 
(I¢ = 1.0 mAdc, IB = 0) MMBT6429 
Coilector-Base Breakdown Voltage V(BR)CBO 
(Ic = 0.1 mAdc, Ig = 0) MMBT6428 
(I¢ = 0.1 mAdc, IE = 0) MMBT6429 


Collector Cutoff Current a pAdc 
(VcE = 30 Vdc) 


Collector Cutoff Current eae pAdc 
(VcB = 30 Vdc, IE = 0) 

Emitter Cutoff Current 
(VERB = 5.0 Vdc, Ic = 0) 

ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 0.01 mAdc, VcgE = 5.0 Vdc) MMBT6428 
MMBT6429 


(I¢ = 0.1 mAdc, Vcf£ = 5.0 Vdc) MMBT6428 
MMBT6429 


(i¢ = 1.0 mAdc, VcE = 5.0 Vdc) MMBT6428 
MMBT6429 


(I¢ = 10 mAdc, VcE = 5.0 Vdc) MMBT6428 
MMBT6429 


Collector-Emitter Saturation Voltage VCE(sat) 
(I¢ = 10 mAdc, Ip = 0.5 mAdc) . 
(i¢ = 100 mAdc, Ig = 5.0 mAdc) 

Base-Emitter On Voltage VBE(on) 
(I¢ = 1.0 mAdc, VcE = 5.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


| Current-Gain — Bandwidth Product 
(Ic = 1.0 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 


Output Capacitance 
(VcB = 10 Vdc, IE = 0, f = 1.0 MHz) 


Input Capacitance 
(VERB = 0.5 Vde, Ic = 0, f = 1.0 MHz) 


SMALL-SIGNAL DEVICES . MOTOROLA SEMICONDUCTORS 
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MMBT6517 


CASE 318-02/03, STYLE 6 
, SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


ees ling! ee 
Collector-Base Voltage . 
Emitter-Base Voltage | Vepo | 50 | Vdc 


Base Current 


Collector Current — Continuous . 


HIGH VOLTAGE TRANSISTOR 


NPN SILICON *Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
*Thermal Resistance Junction to Ambient 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


Refer to 2N6517 for graphs. 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | Max | Unit __| 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(I¢ = 1.0 mA) 

Collector-Base Breakdown Voltage V(BR)CBO 350 Vde 
(I¢ = 100 pA) 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 10 wA) 


Collector Cutoff Current 
(VcB = 250 V) 


Emitter Cutoff Current 
(VEB = 5.0 V) 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 1.0 mA, VcE = 10 V) 
— (I¢ = 10 mA, VcE = 10 V) 
(Ic = 30 mA, Veg = 10 V) 
(Ic = 50 mA, Veg = 10 V) 
(I¢ = 100 mA, VcE = 10 V) 


20 
15 
Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 10 mA, Ip = 1.0 mA) 
(Ic = 20 mA, Ig = 2.0 mA) 
(I¢ = 30 mA, Ip = 3.0 mA) 
(Ic = 50 mA, Ip = 5.0 mA) 
Base-Emitter Saturation Voltage VBE(sat) 
(Ic = 10 mA, Ig = 1.0 mA) : 
(Ic = 20 mA, Ip = 2.0 mA) 
(Ic = 30 mA, Ip = 3.0 mA) 


Base-Emitter On Voltage 
(Ic = 100 mA, VcE = 10 V) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 10 mA, VcgE = 20 V, f = 20 MHz) 


‘ Collector-Base Capacitance 
(VcB = 20 V, f = 1.0 MHz) 


Emitter-Base Capacitance 
(VER = 0.5 V, f = 1.0 MHz) 


MOTOROLA SEMICONDUCTORS | SMALL-SIGNAL DEVICES 


3-110 


MMBT6520 


MAXIMUM RATINGS 


ee ee 
Collector-Emitter Voltage VCEO 


T3501 Vde CASE 318-02/03, STYLE 6 
T-23 (TO-236AA/AB 
Collector-Base Voltage VCBO | 350 Vdc SO ( GAA/AB) 
Emitter-Base Voltage VEBO | 50 Vdc 
Base Current | tg 80 | ma 
Collector Current — Continuous | ic =| 500s” mA 
THERMAL CHARACTERISTICS 
[Max | 
alacsasolankt HIGH VOLTAGE TRANSISTOR 
*Total Device Dissipation, Ta = 25°C mW 
Derate above 25°C mW/°C PNP SILICON 
[Storage Temperature | Teg’ =| 50S | 
*Thermal Resistance Junction to Ambient | Rea | 387s °C/W 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 
Refer to 2N6520 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Se 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(i¢ = 1.0 mA) 

Coilector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 100 pA) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 wA) 


Collector Cutoff Current 
(VcB = 250 V) 


Emitter Cutoff Current 
(VER = 4.0 V) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 1.0 mA, VcE = 10 V) 
(I¢ = 10 mA, VcE = 10 V): 
(Ic = 30 mA, VcE = 10 V) 

(I¢ = 50 mA, VcgE = 10 V) 

(ic = 100 mA, VcE = 10 V) 
Collector-Emitter Saturation Voltage 
(I¢ = 10 mA, Ig = 1.0 mA) 
(I¢ = 20 mA, Ip = 2.0 mA) 
(I¢ = 30 mA, Ip = 3.0 mA) 
(I¢ = 50 mA, Ip = 5.0 mA) 
Base-Emitter Saturation Voltage 

(Ic = 10 mA, Ip = 1.0 mA) 


20 
15 
VCE (sat) ey 
VBE(sat) Vde 
0.75 
(Ic = 20 mA, Ip = 2.0 mA) 0.85 
(I¢ = 30 mA, Ip = 3.0 mA) 0.90 


Base-Emitter On Voltage VBE(on) Vdc 
(I¢ = 100 mA, VcgE = 10 V) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 10 mA, VcE = 20 V, f = 20 MHz) 


Collector-Base Capacitance 


Vdc 


(Vcp = 20 V, f = 1.0 MHz) 


Emitter-Base Capacitance 
(Veg = 0.5 V, f = 1.0 MHz) 


SMALL-SIGNAL DEVICES | MOTOROLA SEMICONDUCTORS 
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MMBT6543 


CASE 318-02/03, STYLE 6 See ac 
SOT-23 (TO-236AA/AB) 


Rating Symbol 
VEO 
VeBo 


THERMAL CHARACTERISTICS 


*Total Device Dissipation, Ta = 25°C mW 
Derate above 25°C mw/°C 
*Thermal Resistance Junction to Ambient RJA 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


AMPLIFIER TRANSISTOR 


NPN SILICON 


Refer to MPS6543 for graphs. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


[SSS harnctonstic «| Svmbat | Min | ty | Mor | Unt 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO 25 Vde 
(I¢ = 1.0 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 35 Vde 
(Ic = 100 wAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 3.0 Vde 
(IE = 100 pAdc, Ic = 0) 

Collector Cutoff Current ICBO pAdc 
(Vcp = 25 Vdc, Ie = 0) 
Emitter Cutoff Current pAdc 

(VBE = 2.0 Vde, Ic = 0) . 


ON CHARACTERISTICS 


DC Current Gain(2) hee 25 
(Ic = 4.0 mAdc, Voz = 10 Vdc) 
Collector-Emitter Saturation Voltage VCE(sat) mVdc 
(I¢ = 10 mAdc, lg = 1.0 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) 750 mVdc 
(i¢ = 10 mAdc, Ig = 1.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 4.0 mAdc, Vcg = 12 Vde, f = 100 MHz) 


Output Capacitance 


(Veg = 10 Vde, Ie = 0, f = 1.0 MHz) 


Collector Base Time Constant 
(IE 4.0 mAdgc, VcE = 12 Vde, f = 31.8 MHz) 


(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MMBTA05,06 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


Symbol_| MMBTAOS | MMBTA06 Les 


|Collector-Emitter Voltage | Vceo | 60 | —80_—| ve 
| CollectorBase Voltage | “Vcpo | 60 | a0 

Emitter-Base Voltage | Vepso | 400i isd 
[Collector Current —Continuous | ic | 800 


THERMAL CHARACTERISTICS 


*Total Device Dissipation, Ta = 25°C 350 mW 
Derate above 25°C (2.8 mWw/°C 
Storage Temperature 

*Thermal Resistance Junction to Ambient RJA 57 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


DRIVER TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


(Ic = 1.0 mAdc, Ip = 0) MMBTAO5 


V(BR)CEO Vde 
60 
MMBTA06 80 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 100 Adc, Ic = 0) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voitage(1) 


(VcB = 60 Vdc, IE = 0) MMBTAO5 
(VcB = 80 Vdc, IE = 0) MMBTA06 
hee es 
(I¢ = 100 mAdc, VcE = 1.0 Vdc) 
Collector-Emitter Saturation Voltage VCE(sat) Vde 
(I¢ = 100 mAdc, Ig = 10 mAdc) 


Collector Cutoff Current ICEO 0.1 Adc 
(VcE = 60 Vdc, IB = 0) 
ON CHARACTERISTICS 
DC Current Gain 
Base-Emitter On Voltage VBE(on) Vde 
(I¢ = 100 mAdc, VcE = 1.0 Vdc) 
SMALL-SIGNAL CHARACTERISTICS , 


Collector Cutoff Current ICBO pAdc 
0.1 
0.1 | 
(I¢ = 10 mAdc, Vcge = 1.0 Vdc) 
Current-Gain — Bandwidth Product(2) 


(ic = 10 mA, VcE = 2.0 V, f = 100 MHz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
(2) f7 is defined as the frequency at which [hfe] extrapolates to unity. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MMBTA13,14 


CASE 318-02/03, STYLE 6 


SOT-23 (TO-236AA/AB) MAXIMUM RATINGS | 


Collector-Base Voltage 
Emitter-Base Voltage 
Collector Current — Continuous | ic =| 300s | made 


THERMAL CHARACTERISTICS 


DARLINGTON AMPLIFIER 
TRANSISTOR Symbol | Max | Unit _ | 
*Total Device Dissipation, Ta = 25°C mw 
NPN SILICON Derate above 25°C mw/°c 


Storage Temperature 
*Thermal Resistance Junction to Ambient RgJA 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


Refer to 2N6426 for graphs. 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Symbol | Min | Max | Unit 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 100 wAdc, ig = 0) 


Collector Cutoff Current 
(VcB = 30 Vdc, IE = 0) 


Emitter Cutoff Current 
(VBE = 10 Vdc, Ic = 0) 


ON CHARACTERISTICS(1) 


DC Current Gain 
(i¢ = 10 mAdc, VcE = 5.0 Vdc) MMBTA13 
MMBTA14 


(Ic = 100 mAdc, VcE = 5.0 Vdc) MMBTA13 
MMBTA14 


Collector-Emitter Saturation Voltage VCE(sat) 
(I¢ = 100 mAdc, Ip = 0.1 mAdc) | 

Base-Emitter On Voltage VBE 
(I¢ = 100 mAdc, VcgE = 5.0 Vdc) | 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product(2) 


(I¢ = 10 mAdc, VcgE = 5.0 Vdc, f = 100 MHz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
(2) fr = |hfel ° ftest- 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MMBTA20 


CASE 318-02/03, STYLE 6 
MAXIMUM RATINGS SOT-23 (TO-236AA/AB) 
Ic 


UN 
IS’ 


GENERAL PURPOSE AMPLIFIER 


NPN SILICON 


THERMAL CHARACTERISTICS 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


Storage Temperature 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 
Refer to MPS3904 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(i¢ = 1.0 mAdc, Ip = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(iE = 100 wAdc, Ic = 0) 

Collector Cutoff Current ICBO nAdc 
(Vcp = 30 Vdc, IE = 0) 

ON CHARACTERISTICS 


DC Current Gain hFE 
(I¢ = 5.0 mAdc, Vcg = 10 Vdc) 

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(Ic = 10 mAdc, Ip = 1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 5.0 mAdc, Vcfe = 10 Vdc, f = 100 MHz) 


Output Capacitance 
(VcB = 10 Vdc, IE = 0, f = 100 kHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


3-115 


MMBTA42,43 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


ae Symbol | MMBTA42 | MMBTA43 ae: 


[Collector-Emitter Voltage | ceo | 300 | 200 | Vide 
[Collector-Base Voltage | Vcpo | 300 | 200 | Va 
[Emitter-Base Voltage | Vepo | 60 

[Collector Current — Continuous | tc | 500, mde 


THERMAL CHARACTERISTICS 


*Total Device Dissipation, Ta = 25°C 350 mW 
Derate above 25°C 2.8 mWw/°C 
Storage Temperature | Teg | 80 | 
*Thermal Resistance Junction to Ambient RaJA | 357 °C/W 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


HIGH VOLTAGE TRANSISTOR 


NPN SILICON 


Refer to MPSA42 for graphs. 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Pp havacteristic | Symbot | Min | Max | Unit 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vdc 
(I¢ = 1.0 mAdc, Ig = 0) MMBTA42 300 
MMBTA43 200 
Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 100 nAdc, IE = 0) MMBTA42 300 
MMBTA43 200 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 100 »Ade, Ic = 0) 


Collector Cutoff Current 


(VcB = 200 Vdc, IE = 0) MMBTA42 
(VcB = 160 Vdc, Ip = 0} MMBTA43 


Emitter Cutoff Current 


(VBE = 6.0 Vdc, Ic = 0) MMBTA42 
(VBE = 4.0 Vdc, Ic = 0) MMBTA43 


ON CHARACTERISTICS(1) 


DC Current Gain 
(I¢ = 1.0 mAdc, VcE = 10 Vdc) Both Types 
(I¢ = 10 mAdc, VcgE = 10 Vdc) Both Types 


(Ic = 30 mAdc, Voce = 10 Vdc) MMBTA42 
MMBTA43 


; 
Collector-Emitter Saturation Voltage 
(I¢ = 20 mAdc, ig = 2.0 mAdc) MMBTA42 


VCE(sat) 
MMBTA43 
Base-Emitter Saturation Voltage VBE(sat) 
(i¢ = 20 mAdc, Ip = 2.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 10 mAdc, VcgE = 20 Vdc, f = 100 MHz) 


Collector-Base Capacitance 
(VcB = 20 Vdc, IE = 0, f = 1.0 MHz) MMBTA42 
MMBTA43 


(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MMBTA5S5,56 


MAXIMUM RATINGS CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


[Golecortmiter Votage———~d “Vee | 0 
collector Base Votage ~~ Veg | 60 
[collector Current — Continuous [ic [500 


THERMAL CHARACTERISTICS 


Symbol_| Max | 


*Total Device Dissipation, Ta = 25°C mw 
Derate above 25°C mWw/°C 


*Thermal Resistance Junction to Ambient R@JA 357 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


DRIVER TRANSISTOR 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


pe haracteristic | Symbot | Min | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vdc 
(I¢ = 1.0 mAdc, Ip = 0) MMBTA55 60 
. MMBTA56 80 
Emitter-Base Breakdown Voltage V(BR)EBO 4.0 Vde 
(IE = 100 wAdc, Ic = 0) 
Collector Cutoff Current ICEO 0.1 pAdc 
(VcE = 60 Vdc, Ip = 0) 


Collector Cutoff Current 
(VcB = 60 Vdc, IE = 0) MMBTA55 
(VcB = 80 Vdc, IE = 0) MMBTA56 


ON CHARACTERISTICS 


DC Current Gain . hee 
(Ic = 10 mAdc, VcE = 1.0 Vdc) 
(I¢ = 100 mAdc, VcE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage VCE(sat) _ Vde 
(I¢ = 100 mAdc, Ip = 10 mAdc) 

Base-Emitter On Voltage VBE(on) Vdc 
(I¢ = 100 mAdc, Vcg = 1.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product(2) 


(Ic = 100 mAde, VcE = 1.0 Vdc, f = 100 MHz) 


(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 
(2) fr is defined as the frequency at which |h¢e| extrapolates to unity. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MMBTA63 
MMBTA64 


CASE 318-02/03, STYLE 6 MAXIMUM RATINGS 
SOT-23 (TO-236AA/AB) 


ee a 
[olecorEmiver Votage———S*dCces |g | ve 
[collector Bese Vottage ———~—*«dY cpg. | a0 | Vo 
OS 
collector Current — Continuous ‘Lig | 600 | mado 


THERMAL CHARACTERISTICS 


| Characteristic | Symbol | Max | Unit 
*Total Device Dissipation, Ta = 25°C oe oe eed 
Derate above 25°C 2.8 ard 

ee eee pea aan 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


DARLINGTON TRANSISTOR 


PNP SILICON 


Refer to MPSA75 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Po haracteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CES Vdc 
(I¢ = 100 wAdc) 
Collector Cutoff Current ICBO 100 nAdc 
(VcB = 30 Vdc) 
Emitter Cutoff Current nAdc 
(VBE = 10 Vdc) 


ON CHARACTERISTICS 


DC Current Gain(1) 
(I¢ = 10 mAdc, VcE = 5.0 Vdc) MMBTA63 
(I¢ = 10 mAdc, VcE = 5.0 Vdc) MMBTA64 : 
(I¢ = 100 mAdc, VcgE = 5.0 Vdc) MMBTA63 . ; 
(I¢ = 100'mAdc, Vcg = 5.0 Vdc) MMBTA64 : 


Collector-Emitter Saturation Voltage VCE(sat) 1.5 Vdc 
(I¢ = 100 mAdc, Ig = 0.1 mAdc) . 
Base-Emitter On Voltage | Vde 

(I¢ = 100 mAdc, VcE = 5.0 Vdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 


(I¢ = 10 mAdc, VcE = 50 Vdc, f = 100 MHz) 
(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 


MOTOROLA SEMICONDUCTORS ‘SMALL-SIGNAL DEVICES 
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MMBTA70 


CASE 318-02/03, STYLE 6 

MAXIMUM RATINGS —s—> SOT-23 (TO-236AA/AB) 
[Collector-Emitter Voltage sss | «ceo | 
[| Emitter-Base Voltage sss | «eB | AO 
Collector Current — Continuous | ie | 


bs 


THERMAL CHARACTERISTICS 


IC 
[Characteristic | Symbol | = Max 
*Total Device Dissipation, Ta = 25°C en | ae 
Derate above 25°C 
[Storage Temperature |S Tstg =| S150 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


GENERAL PURPOSE TRANSISTOR 


PNP SILICON 


Refer to 2N5086 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 

(I¢ = 1.0 mAdc, Ig = 0) 

Emitter-Base Breakdown Voltage . V(BR)EBO Vde 
(IE = 100 wAdc, Ic = 0) 

Collector Cutoff Current _ ICBO 100 nAdc 
(VcB = 30 Vdc, Ig = 0) : . 

ON CHARACTERISTICS . 

DC Current Gain hre 
(Ic = 5.0 mAdc, Vcg = 10 Vdc) 

Collector-Emitter Saturation Voltage VCE(sat) Vde 
(I¢ = 10 mAdc, Ig = 1.0 mAdc) . 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 5.0 mAdc, Vcg = 10 Vde, f = 100 MHz) 


Output Capacitance 
(VcB = 10 Vdc, IE = 0, f = 100 kHz) 


SMALL-SIGNAL DEVICES ~ MOTOROLA SEMICONDUCTORS 
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MMBTA92,93 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


Collector-Emitter Voltage 


[Collector-Base Voltage | Vepo | 300 | 200 | Vide 
[Emitter-Base Voltage | Vewo | 50 | 50 | 
fic [800 | mae 


“Collector Current — Continuous 


THERMAL CHARACTERISTICS 


[Characteristic | Symbol __ 

*Total Device Dissipation, Ta = 25°C Le 
Derate above 25°C . 

357 cw 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


HIGH VOLTAGE 
TRANSISTOR 


PNP SILICON 


7 
3 
R 
o) 


Refer to MPSA92 for graphs. 
ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Characteristic | Symbot_ | Min | Max | Unit | 


Collector-Emitter Breakdown Voltage(1) 


OFF CHARACTERISTICS 


V(BR)CEO 


(I¢ = 1.0 mAdc, Ip = 0) MMBTA92 
MMBTAQ93 200 
Collector-Base Breakdown Voltage V(BR)CBO 
(I¢ = 100 pAde, Ie = 0) MMBTA92 300 — 
MMBTAQ3 200 


Emitter-Base Breakdown Voltage _ 
(IE = 100 pAdc, Ic = 0) 


Collector Cutoff Current 


(Vcg = 200 Vde, Ig = 0) MMBTA92 


ICBO.  pAde 
(Veg = 160 Vdc, IE = 0) MMBTAQ3 
Emitter Cutoff Current 0.1 pAdc 
(VBE = 3.0 Vdc, Ic = 0) . 


ON CHARACTERISTICS(1) 
(ic = 20 mAdc, Ip = 2.0 mAdc) MMBTAQ2 


DC Current Gain 
(I¢ = 1.0 mAdc, VcgE 
VCE(sat) Vdc 
MMBTA93 
Base-Emitter Saturation Voltage VBE(sat) Vdc 
(I¢ = 20 mAdc, Ip = 2.0 mAdc) 


10 Vdc) Both Types 
10 Vdc) Both Types 


(ic = 30 mAdc, Voge = 10 Vdc) MMBTAQ2 
MMBTAQ3 


Collector-Emitter Saturation Voltage 


(Ic = 10 mAdc, VcE = 
SMALL-SIGNAL CHARACTERISTICS . 
Current-Gain — Bandwidth Product fT 
(ic = 10 mAdc, VcE = 20 Vde, f = 100 MHz) 
Collector-Base Capacitance Cob pF 
6.0 
8.0 


(VcB = 20 Vdc, IE = 0, f = 1.0 MHz) MMBTAQ2 
MMBTAQ3 


(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 


MOTOROLA SEMICONDUCTORS | SMALL-SIGNAL DEVICES 
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MMBTH10 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


THERMAL CHARACTERISTICS 


| Max 


[va 
W 
°C 


VHF/UHF TRANSISTOR 


NPN SILICON 


*Total Device Dissipation, Ta = 25°C 

Derate above 25°C 
Storage Temperature 
*Thermal Resistance Junction to Ambient RaJA 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


Refer to MPSH10 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max [unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(Ic = 1.0 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 100 wAdc, Ie = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 
(l—E = 10 wAdc, Ic = 0) 
Collector Cutoff Current ICBO nAdc 
(VcB = 25 Vdc, IE = 0) 
Emitter Cutoff Current nAdc 
(VBE = 2.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 4.0 mAdc, Vcg = 10 Vdc) 

Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 4.0 mAdc, Ig = 0.4 mAdc) 


Base-Emitter On Voltage 
(I¢ = 4.0 mAdc, Vcge = 10 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 4.0 mAdc, VcgE = 10 Vdc, f = 100 MHz) 


Collector-Base Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 


Common-Base Feedback Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 


Collector Base Time Constant 
(ic = 4.0 mAdc, Veg = 10 Vdc, f = 31.8 MHz) 


SMALL-SIGNAL DEVICES 7 MOTOROLA SEMICONDUCTORS 
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MMBTH24 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) MAXIMUM RATINGS 


| séRaating =| Symbol 
Collector-Emitter Voltage | VCEO 
Collector-Base Voltage | . VcBo 


Emitter-Base Voltage VEBO 


Collector Current — Continuous Ic 


THERMAL CHARACTERISTICS 


| Characteristic | Symbol _ 


*Total Device Dissipation, Ta = 25°C mw 

Derate above 25°C mWw/°C 
Storage Temperature | Tstg | 50 | 
*Thermal Resistance Junction to Ambient R@JA 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


VHF MIXER TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


ee 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(Ic = 1.0 mAdc, ig = 0) 

Collector-Base Breakdown Voltage V(BR)CBO - Vde 
(Ic = 100 pAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 10 wAdc, ic = 0) 

Collector Cutoff Current ICBO nAdc 
(Vcg = 15 Vdc, Ie = 0) 

ON CHARACTERISTICS 


DC Current Gain hFE 
(Ic = 8.0 mAdc, VcE = 10 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(1) 
(I¢ = 8.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 


Collector-Base Capacitance 
(VcB = 10 Vdc, Ig = 0, f = 1.0 MHz) 


Conversion Gain 


(213 MHz to 45 MHz) 

(ic = 8.0 mAdc, Vcc = 20 Vde, Oscillator Injection = 150 mVrms) 
(60 MHz to 45 MHz) 

(I¢ = 8.0 mAdc, Vcc = 20 Vdc, Oscillator Injection = 150 mVrms) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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a eo See SEAN eA MCE 8, sen at ee 


MMBTH81 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


Collector-Base Voltage VcBO 
Emitter-Base Voltage VEBO 


THERMAL CHARACTERISTICS 


Characteristic 


*Total Device Dissipation, Ta = 25°C mW 
Derate above 25°C 


Storage Temperature 


UHF/VHF TRANSISTOR 


PNP SILICON 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


pj haracteristic | Symbot_ | min | typ | Max | unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 20 Vdc 
(I¢ = 1.0 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage V(BR)CBO 20 Vdc 
(Ic = 10 wAde, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 10 Adc, Ic = 0) 
Collector Cutoff Current ICBO 100 nAdc 
(VcB = 10 Vdc, Ig = 0) 
Emitter Cutoff Current nAdc 
(VBE = 2.0 Vdc, Ic = 0) . 


ON CHARACTERISTICS 


DC Current Gain hFE 
(I¢ = 5.0 mAdc, Vcge = 10 Vdc) 
Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(I¢ = 5.0 mAdc, Ip = 0.5 mAdc) 
Base-Emitter On Voltage VBE(on) Vdc 
(I¢ = 5.0 mAdc, Vcg = 10 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 5.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 


Collector-Base Capacitance 


(Vcg = 10 Vde, Ip = 0, f = 1.0 MHz) 


Collector-Emitter Capacitance 
(ig = 0, Vcgp = 10 Vde, f = 1.0 MHz) 
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MMBV105G 


CASE 318-02/03, STYLE 8 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 
CT Rating ————SS—*d:CS yt 
Reweevougs dM 
[Forward Curent 


THERMAL CHARACTERISTICS 


|| Characteristic =| Symbol | = Max | Unit 

*Total Device Dissipation, Ta = 25°C {ete ae 
Derate above 25°C 2.8 mWw/°C 

| Storage Temperature | Tt =| S150 | SC 

ee A 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


VOLTAGE VARIABLE 
CAPACITANCE DIODE 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


ee 


OFF CHARACTERISTICS 


Series Inductance 
(f = 250 MHz) 


Diode Capacitance Temperature Coefficient 
(Vp = 3.0 Vde, f = 1.0 MHz) 


Diode Capacitance 
(VR = 25 Vdc) 


Capacitance Ratio 
(VR1 = 3.0 Vde, Vag = 25 Vde, f = 1.0 MHz) 


| MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MMBV109 


CASE 318-02/03, STYLE 8 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 
| Rating | Symbol 
|ReverseVoltage | RT 8 
[Forward Current |e | 200 mace 
| Max 


THERMAL CHARACTERISTICS 


Characteristic 


*Total Device Dissipation, Ta = 25°C 350 mW 
Derate above 25°C 2.8 mWw/°Cc 
Storage Temperature | Tg | 150 | 
*Thermal Resistance Junction to Ambient R@JA °C/W 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


VOLTAGE VARIABLE 
CAPACITANCE DIODE 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Reverse Voltage Leakage Current 
(VR = 28 Vdc) 


Series Inductance 
(f = 250 MHz) 


Case Capacitance 
(f = 1.0 MHz) 


Diode Capacitance Temperature Coefficient 
(VR = 3.0 Vde, f = 1.0 MHz) 


Figure of Merit 
(VR = 3.0 Vde, f = 50 MHz) 


Diode Capacitance 
(VR = 3.0 Vdc, f = 1.0 MHz) 
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MMBV2101 
thru. 
MMBV2109 


SOT-23 (TO-236AA/AB) 


Symbol | Value | Unit 
Reverse Voltage ee ee 
[|ForwardCurrent | te | 20] me 


THERMAL ee eee 


[characteristic Symbol [Max [Unt 
*Total Device Dissipation, Ta = 286°C {| ae 
Derate above 25°C mWw/°C 

eee Oo a ee 
[-Themal Reisen unalone Ambion | “Raua [a6 | “ow 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


TUNING DIODE 


ELECTRICAL CHARACTERISTICS TA = 25°C unless otherwise noted.) 
a 
OFF CHARACTERISTICS ; 


Reverse Breakdown Voltage 
(IR = 10 pAdc) 
Reverse Voltage Leakage Current 
(VR = 25 Vdc) 
Series Inductance 
(f = 250 MHz, Lead Length =~ 1/16”) 


Case Capacitance 
(f = 1.0 MHz, Lead Length ~ 1/16”) 


Diode Capacitance Temperature Coefficient 
(VR = 4.0 Vde, f = 1.0 MHz) 


Cr, Diode Capacitance » Fi i TR, Tuning Ratio 
VR = 4.0 Vdc, f = 1.0 MHz : C2/C39 
; f = 1.0 MHz 


MMBV-2101 
MMBV-2102 
MMBV-2103 
MMBV2104 


MMBV-2105 
MMBV-2106 
MMBV-2107 
MMBV-2108 
MMBV-2109 
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MMBV3102 


CASE 318-02/03, STYLE 8 
SOT-23 (TO-236AA/AB) 
MAXIMUM RATINGS 


Reverse Voltage 
Forward Current 


THERMAL CHARACTERISTICS 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


VOLTAGE VARIABLE 
CAPACITANCE DIODE 


Storage Temperature 
*Thermal Resistance Junction to Ambient Raia 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


a 


OFF CHARACTERISTICS 
Reverse Breakdown Voltage V(BR) Vdc 
(IR = 10 wAdc) 
Reverse Voltage Leakage Current pAdc 
(VR = 25 Vdc) 
Series Inductance | Ls 
(f = 250 MHz) 
Case Capacitance Cc pF 
(f = 1.0 MHz) 
Diode Capacitance Temperature Coefficient Tcc ppm/°C 
(Vp = 3.0 Vde, f = 1.0 MHz) 
Figure of Merit 
(VR = 3.0 Vde, f = 50 MHz) 
Diode Capacitance Cr 
(Vp = 3.0 Vde, f = 1.0 MHz) 
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_ MMBV3401 


CASE 318-02/03, STYLE 8 
SOT-23 (TO-236AA/AB) 


MAXIMUM RATINGS 


Characteristic 


SILICON PIN 


SWITCHING DIODE “Total Device Dissipation, Ta = 25°C 


Derate above 25°C 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 
[Charcetriste Smet in| 
OFF CHARACTERISTICS < 


Reverse Breakdown Voltage 
(IR = 10 wAdc) 


Reverse Voltage Leakage Current 
(VR = 25 Vdc) 


Series Inductance 
(f = 250 MHz) 


Series Resistance 
(I—F = 10 mAdc) 


Case Capacitance Cc 
(f = 1.0 MHz) 


C 
Diode Capacitance Cr 
(VR = 20 Vdc, f = 1.0 MHz) 
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MMBZ5226 
thru 
MMBZ5257 


CASE 318-02/03, STYLE 8 


SOT-23 (TO-236AA/AB) 


THERMAL CHARACTERISTICS 
*Total Device Dissipation, Ta = 25°C ee a 
Derate above 25°C 2.8 mWw/°C 
| Storage Temperature | Tstg =| 150 | 


*Thermal Resistance Junction to Ambient Re@JA | 357, | ecw 


*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 
Ve = 0.9 V Max @ I¢ = 10 mA for all types. 


Test Zener ieee Max Zener 
Current impedance Max 
ZT @ az Bs 
as Nominal 


ZENER DIODES 
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mene attention i a 


MXR3866_ 


CASE 345-01, STYLE 1 
SOT-89 


MAXIMUM RATINGS 
T_—iRating i: Symbot_ 
conector-Base Votage | vag | 55 
nits vote egy [a8 

Sa 


| Collector Current— Continuous Current — Continuous 


THERMAL CHARACTERISTICS 


[Characteristic = Symbot_| Max [Unit 


*Total Device Dissipation, Ta = 25°C © 1.0 Watt 
Derate above 25°C 8.0 mW/°C 
Storage Temperature | Teg | 50 | 
*Thermal Resistance Junction to Ambient | Raa |. 125 | °C/W 


*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


RF TRANSISTOR 


NPN SILICON 


ELECTRICAL Tidal das (Ta = 25°C unless otherwise noted.) 


| Characteristic | Symbol | Min | Max | unit _| 
OFF CHARACTERISTICS . 


Collector-Emitter Breakdown Voltage V(BR)CER 55 . V 
(Ic = 5.0 mA, Ree = 10 2) 

Collector-Emitter Sustaining Voltage VCEO(sus) 
(Ic = 5.0 mA) 

Collector-Base Breakdown Voltage V(BR)CBO 
(I¢ = 0.1 mA) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 0.1 mA) 

Collector Cutoff Current | ICEO 
(VcE = 28 V) 

Collector Cutoff Current IcEX pA 
(Vce = 55 V, Vee = 1.5 V) 

ON CHARACTERISTICS | . 


DC Current Gain 
(Ic = 0.36 A, Vcg = 5.0 V) 
(Ic = 0.05 A, VcgE = 5.0 V) 
Collector-Emitter Saturation Voltage 
(i¢ = 100 mA, Ip = 20 mA) 
_ SMALL-SIGNAL CHARACTERISTICS | 


Current-Gain — Bandwidth Product 
(Ic = 50 mA, Vce = 15 V, f = 200 MHz) 


Output Capacitance Cobo — 
| (Veg = 30V, f = 1.0 MHz) 
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MXR5160 


CASE 345-01, STYLE 1 
SOT-89 


MAXIMUM RATINGS 
TiRating «dC yal 
[colectortmiver Voltage ——~—SC*dSCceg | 
[collector Base Vatage ~~ cag | eo 
[EmiterBase Votiage —~S~S~*dSCeng | ko 
[colstor current Continuous +t ic | oa 


Operating and Storage Junction Tj, Tstg | —55 to +150 °C 
Temperature Range 
THERMAL CHARACTERISTICS 


| Characteristic | Symbol | Max | 
*Total Device Dissipation, Ta = 25°C Le ee Watt 
Derate above 25°C 8.0 mWw/°C 
Storage Temperature 


*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


RF TRANSISTOR 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


[Characteristic «Symbol | Min | Max | Unit — 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage VCEO(sus) V 
(Ic = 5.0 mA) 

Emitter-Base Breakdown Voltage V(BR)EBO V 
(IE = 0.1 mA) 

Collector Cutoff Current ICBO 1.0 pA 
(VcB = 28 V) 

Collector Cutoff Current ICES mA 
(VcE = 60 V) 

Emitter Cutoff Current . ICEO pA 
(VcE = 28 V) 


ON CHARACTERISTICS © 


DC Current Gain . HFE 
(I¢ = 50 mA, VcE = 5.0 V) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain — Bandwidth Product 


(Ic = 50 mA, Vcge = 15 V, f = 200 MHz) 
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MXR5583_ 


CASE 345-01, STYLE 1 
SOT-89 


MAXIMUM RATINGS 


Rating ——*«d;'C Symbol | Value [Unt 
[collector Base Votage ————~—~d?S—Scgg | 0 | 
[Emiter-Base Vottage ——+dY Vergo | 30+ iv 
coletor Current Continuovs | ig | 800 | ma 


Operating and Storage Junction TJ, Tstg | —55 to +150 °C 
Temperature Range 


THERMAL CHARACTERISTICS 


Symbol 


*Total Device Dissipation, Ta = 25°C i Watt 
Derate above 25°C ; mWw/°C 
Storage Temperature 

*Thermal Resistance Junction to Ambient ReJjA 


*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


HIGH FREQUENCY RF TRANSISTOR 


! PNP SILICON 


o-_ 
oOo Oo 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | Max | Unit 
OFF CHARACTERISTICS . 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO V 
(I¢ = 10 mA) | 

Collector-Base Breakdown Voltage(1) V(BR)CBO V 

| (ic = 10 pA) 

Emitter-Base Breakdown Voltage V(BR)EBO V 
(l—E = 100 uA) | 

Collector Cutoff Current ICBO nA 
(Veg = 20 V) | | . 

Emitter Cutoff Current pA 
(VER = 2.0 V) 
(I¢ = 100 mA, VcE = 2.0 V) 


FE 
20 
(25 
(Ic = 300 mA, VcgE = 5.0 V) 15 


Collector-Emitter Saturation Voltage VCE(sat) Vv 
(Ic = 100 mA, Ip = 10 mA) 
Base-Emitter On Voltage VBE(on) 1.8 Vv 
(Ic = 100 mA, VcE = 2.0 V) 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 


ON CHARACTERISTICS 


DC Current Gain 
(ic = 40 mA, Vce = 2.0 V) 


(I¢ = 40 mA, VcgE = 10 V, f = 100 MHz) 
(Ic = 100 mA, VcE = 10 V, f = 100 MHz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MXR5943_ 


CASE 345-01, STYLE 1 
SOT-89 


MAXIMUM RATINGS 
Rating 


mA 
°G 


Ls 


RF TRANSISTOR 


NPN SILICON 


Characteristic 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


Storage Temperature 


*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


pC haracteristic | Symbot | Min | Mex | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO V 
(Ic = 5.0 mA) 

Collector-Base Breakdown Voltage V(BR)CBO V 
(Ic = 100 pA) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(l—E = 100 nA) 


Collector Cutoff Current 
(VcB = 15 V) 


ON CHARACTERISTICS 


DC Current Gain _ WE 
(ic = 50 mA, Vcg = 15 V) 

Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 100 mA, Ip = 10 mA) 


Base-Emitter Saturation Voltage VBE(sat) 
(Ic = 100 mA, Ip = 10 mA) 
SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(IC = 25 mA, Vcge = 15 V, f = 200 MHz) 


(ic = 50 MA, Vcg = 15 V, f = 200 MHz) 
(Ic = 100 mA, Vcg = 15 V, f = 200 MHz) 
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MXT3904 


CASE 345-01, STYLE 1 


SOT-89 | MAXIMUM RATINGS 


| 
Collector-Emitter Voltage VCEO | 40 de 


Emitter-Base Voltage | Vepo | - 60 
Collector Current — Continuous Fig 


THERMAL CHARACTERISTICS 


ea ee ee 
*Total Device Dissipation, Ta = 25°C aes Watt 
Derate above 25°C 8. 0 mw/°C 
| Storage Temperature | Tost | 180] 
Toa mene ea a ew 


*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


GENERAL PURPOSE TRANSISTOR 


NPN SILICON 


Refer to 2N3904 for graphs. 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


rene Tt Tn 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vde 
(I¢ = 1.0 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(I¢ = 10 wAdc, Ie = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 wAde, Ic = 0) 
Base Cutoff Current nAdc 
(VcE = 30 Vdc, Veg = 3.0 Vdc) 
Collector Cutoff Current ICEX nAdc 
(VCE = 30 Vdc, Veg = 3.0 Vdc) 


ON CHARACTERISTICS 


DC Current Gain(1) 
(Ic = 0.1 mAdc, VcE = 1.0 Vdc) 
(I¢ = 1.0 mAdc, VcE = 1.0 Vdc) 
(I¢ = 10 mAdc, VcgE = 1.0 Vdc) 
(Ic = 50 mAdc, VcE = 1.0 Vdc) 
(I¢ = 100 mAdc, Veg = 1.0 Vdc) 


Collector-Emitter Saturation Voltage(1) VCE(sat) Vdc 
(Ic = 10 mAde, Ig = 1.0 mAdc) 
(I¢ = 50 mAdc, Ip = 5.0 mAdc) 
Base-Emitter Saturation Voltage(1) VBE(sat) 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 0.85 
(I¢ = 50 mAdc, Ip = 5.0 mAdc) 0.95 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(ic = 10 mAdc, Vcg = 20 Vde, f = 100 MHz) 
Output Capacitance | 
(VcB = 5.0 Vdc, Ie = 0, f = 1.0 MHz) 


Input Capacitance 
(VBE = 0.5 Vde, Ic = 0, f = 1.0 MHz) 


Input Impedance 
(I¢ = 1.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 


‘Voltage Feedback Ratio ; 
(Ic = 1.0 mAdc, VcgE = 10 Vdc, f = 1.0 kHz) 


. Small-Signal Current Gain 
(I¢ = 1.0 mAdc, VcgE = 10 Vdc, f = 1.0 kHz) 
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MXT3904 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Output Admittance 


(Ic = 1.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 


Noise Figure 
(ic = 100 wAdc, Vcg = 5.0 Vde, Rg = 1.0 k ohms, f = 10 Hz to 15.7 kHz) 


SWITCHING CHARACTERISTICS 


Delay Time (Vcc = 3.0 Vdc, VpE = 0.5 Vde, 


Storage Time (Vcc = 3.0 Vdc, I¢ = 10 mAdc, 


lpi = Ip2 = 1.0 mAdc) 


Fall Time 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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em tment etre RD 


MXT3906 


CASE 345-01, STYLE 1 MAXIMUM RATINGS 
SOT-89 


| 4 
[Collector-Base Voltage = (| «Vcwo | AO 
Emitter-Base Voltage | Vepo | 50 | Vde | 
| 200 
| Max 


Collector Current — Continuous 


THERMAL CHARACTERISTICS 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


GENERAL PURPOSE TRANSISTOR 


PNP SILICON 


Storage Temperature 


*Thermal Resistance Junction to Ambient 


*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 
Refer to 2N3905 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot_ | min | Max | Unit | 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vdc 
(Ic = 1.0 mAdc, Ig = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 10 wAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 10 Adc, Ic = 0) 

Base Cutoff Current IBL nAdc 
(VcE = 30 Vdc, Vee = 3.0 Vdc) 

Collector Cutoff Current ICEX 
(VcE = 30 Vdc, Vege = 3.0 Vdc) 


ON CHARACTERISTICS(1) 
DC Current Gain 


OFF CHARACTERISTICS 


hFE 
(Ic = 0.1 mAdc, Veg = 1.0 Vdc) 60 
(ic = 1.0 mAdc, Veg = 1.0 Vde) 80 
(ic = 10 mAdc, Vcg = 1.0 Vde) 100 
(Ic = 50 mAdc, Veg = 1.0 Vdc) 


(ic = 100 mAde, VcE = 1.0 Vde) 


Collector-Emitter Saturation Voltage 
(I¢ = 10 mAdc, Ig = 1.0 mAdc) 
(I¢ = 50 mAdc, Ig = 5.0 mAdc) 


Base-Emitter Saturation Voltage 
(i¢ = 10 mAdc, Ip = 1.0 mAdc) 
(Ic = 50 mAdc, Ip = 5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 10 mAdc, VcgE = 20 Vde, f = 100 MHz) 
Output Capacitance . 
(VcB = 5.0 Vdc, IE = 0, f = 100 kHz) 
Input Capacitance 
(VBE = 0.5 Vdc, Ic = 0, f = 100 kHz) 
Input Impedance 
(Ic = 1.0 mAdc, VcgE = 10 Vde, f = 1.0 kHz) 


Voltage Feedback Ratio 
(I¢ = 1.0 mAdc, VcgE = 10 Vde, f = 1.0 kHz) 


60 
30 
= er ~ 
VBE(sat) Vdc 
0.85 
0.95 


Small Signal Current Gain 
(I¢ = 1.0 mAdc, VcE = 10 Vde, f = 1.0 kHz) 
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MXT3906 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 


Output Admittance hoe 
(Ic = 1.0 mAdc, Vcg = 10 Vde, f = 1.0 kHz) 


Noise Figure 
(I¢ = 100 pwAdc, Vcg = 5.0 Vdc, Rg = 1.0 k ohm, f = 10 Hz to 15.7 kHz) 


SWITCHING CHARACTERISTICS 


Delay Ti (Vcc = 3.0 Vde, Vee = 0.5 Vd 

i Tie rae 
| - | 
| | | ons 


Storage Time (Vec = 3.0 Vde, Ic = 10 mAde, ae cute 4 
Fall Time IB1 = IB2 = 1.0 mAdc) 


(1) Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MXTA14 


CASE 345-01, STYLE 1 
SOT-89 


MAXIMUM nae 


ng pa] vane] oa 
| Collector-Emitter Voltage | Veo | 80 | 
| Collector-Emitter Voltage | Vces | 80 | 
| Collector Current — Continuous | tc =| 800] mv 


Ic 


DARLINGTON TRANSISTOR 


NPN SILICON 


THERMAL eee 


| Characteristic =| Symbol | Max | Unit _| 

*Total Device Dissipation, Ta = 25°C ee 
Derate above 25°C 8. 0 ser egl 

re aa 


*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


Refer to 2N6426 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit __ | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CES 
(I¢ = 100 yA) 


Collector Cutoff Current 
(Vcp = 30) 


Emitter Cutoff Current 
(Vee = 10 V) 


ON CHARACTERISTICS 


DC Current Gain(1) 
(Ic = 10 mA, VcE = 5.0 V) 
(Ic = 100 mA, VcE = 5.0 V) 


Collector-Emitter Saturation Voltage(1) VCE(sat) V 
(I¢ = 100 mA, Ig = 0.1 mA) 
Base-Emitter On Voltage V 

(Ic = 100 mA, VcE = 5.0 V) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 


(VcE = 5.0 V, Ic = 10 mA, f = 100 MHz) 
(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0 %. 


MOTOROLA SEMICONDUCTORS | SMALL-SIGNAL DEVICES 


MXTA27 


CASE 345-01, STYLE 1 


MAXIMUM RATINGS SOT-89 


Collector-Emitter Voltage 


Emitter-Base Voltage VEBO 


Collector Current — Continuous 


THERMAL CHARACTERISTICS 


Characteristic 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


Storage Temperature 


DARLINGTON TRANSISTOR 


NPN SILICON 


*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


Refer to MPSA25 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CES V 
(I¢ = 100 pA) 
Collector-Base Breakdown Voltage V(BR)CBO V 
(I¢ = 100 pA) 
Collector Cutoff Current ICBO nA 
(Vcp = 50 V) 
Collector Cutoff Current ICES nA 
(VcE = 50 V) 
Emitter Cutoff Current nA 
(VBE = 10 V) | 
ON CHARACTERISTICS 


DC Current-Gain 
(Ic = 10 mA, Vcg = 5.0 V) 
(ic = 100 mA, VcE = 5.0 V) 


Collector-Emitter Breakdown Voltage 
(I¢ = 100 mA, Ip = 0.1 A) 


Base-Emitter On Voltage 
(Ic = 100 mA, VcE = 5.0 V) 


SMALL-SIGNAL CHARACTERISTICS 
Current Gain — High Frequency 


(ic = 10 mA, VcE = 5.0 V, f = 100 MHz) 


a a tg 
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MXTA42 
MXTA43 


MAXIMUM RATINGS 


CASE 345-01, STYLE 1 
SOT-89 


Emitter-Base Voltage VEBO 
Collector Current — Continuous 


THERMAL CHARACTERISTICS 


Characteristic 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


Storage Temperature 


HIGH VOLTAGE TRANSISTOR 


NPN SILICON 


*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


Refer to MPSA42 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot_| min [| Max [unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(Ic = 1.0 mAdc, Ip = 0) MXTA42 
. MXTA43 


Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 100 wAdsc, IE = 0) MXTA42 300 
MXTA43 200 


Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 100 Adc, Ic = 0) 


Collector Cutoff Current 
FE 
25 
40 


(Vcp = 200 Vdc, IE = 0) MXTA42 
(VcB = 160 Vdc, IE = 0) MXTA43 
40 
40 
_ --[e# |". 


Emitter Cutoff Current 
(VBE = 6.0 Vdc, Ic = 0) MXTA42 
(Vee = 4.0 Vdc, Ic = 0) MXTA43 


ON CHARACTERISTICS(1) 


DC Current Gain 
(I¢ = 1.0 mAdc, Vcg = 10 Vdc) Both Types 
(I¢ = 10 mAdc, VcgE = 10 Vde) Both Types 


(Ic = 30 mAdc, Vce = 10 Vdc) MXTA42 
MXTA43 


Collector-Emitter Saturation Voltage 
(I¢ = 20 mAdc, lp = 2.0 mAdc) MXTA42 
MXTA43 


Base-Emitter Saturation Voltage 
(I¢ = 20 mAdc, Ip = 2.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(i¢ = 10 mAdc, Vcg = 20 Vdc, f = 100 MHz) 


Collector-Base Capacitance . 
(Vcp = 20 Vdc, le = 0, f = 1.0 MHz) MXTA42 
MXTA43 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MXTA44 


CASE 345-01, STYLE 1 
SOT-89 


MAXIMUM RATINGS 


TRating Sd Sb | 


THERMAL CHARACTERISTICS 


Symbol 


*Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
Storage Temperature 


*Thermal Resistance Junction to Ambient R@JA 
*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


HIGH VOLTAGE TRANSISTOR 


NPN SILICON 


Refer to MPSA44 for graphs. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


po Characteristic | Symbot | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO V 
(I¢ = 1.0 mA, Ip = 0) 
Collector-Emitter Breakdown Voltage V(BR)CES V 
(Ic = 100 pA, VBE = 0) 
Collector-Base Breakdown Voltage V(BR)CBO V 
(Ic = 100 pA, IB = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO V 
(iE = 10 pA, Ic = 0) 


ON CHARACTERISTICS 
DC Current Gain(1) 
(i¢ = 1.0 mA, VcE = 10) 
(Ic = 10 mA, VcE = 
(Ic = 50 mA, VcE = 10) 
(Ic = 100 mA, VcE = 
Collector-Emitter Saturation Voltage(1) 

(ic = 1.0 mA, Ip = 0.1 mA) 

(Ic = 10 mA, Ig = 1.0 mA) 

(Ic = 50 mA, Ig = 5.0 mA) 0.75 


Base-Emitter Saturation Voltage VBE(sat) 0.75 V 
(I¢ = 10 mA, IB = 1.0 mA) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance Cobo pF 
(VcB = 20 V, IE = 0, f = 1.0 MHz) 

Input Capacitance Cibo pF 
(Veg = 0.5V, Ic = 0, f = 1.0 MHz) 

Current Gain — High Frequency lh¢el 
(Ic = 10 mA, VcE = 10 V, f = 10 MHz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0 %. 


hFE 
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MXTAG64 


CASE 345-01, STYLE 1 MAXIMUM RATINGS 
SOT-89 


Collector-Emitter Voltage 30 Vdc 


Collector-Base Voltage VcBO 
Emitter-Base Voltage VEBO 
Collector Current — Continuous {| tc | 300 | ma 


THERMAL CHARACTERISTICS 


| Characteristic | Symbol | Max | Unit 
*Total Device Dissipation, Ta = 25°C | ee ae Watt 

Derate above 25°C 8.0 mw/°C 
[Storage Temperature | Tig’ =| 50 | 


*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


DARLINGTON TRANSISTOR 


_ PNP SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Po Characteristic Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CES Vdc 
(I¢ = 100 »A) 
Collector Cutoff Current : ICBO 100 nA 
(VcB = 30 Vdc) 
Emitter Cutoff Current ~ nAc 
(VBE = 10 Vdc) 
ON CHARACTERISTICS . 
DC Current Gain hee 
(I¢ = 10 mA, Vce = 5.0 Vde)(1) 10000 
(I¢ = 100 mA, VcgE = 5.0 Vde)(1) 20000 
Collector-Emitter Saturation Voltage VCE(sat) Vde 
(I¢ = 100 mA, Ip = 0.1 mA)(1) 
Base-Emitter On Voltage VBE(on) Vde 
(I¢ = 100 mA, VcE = 5.0 Vde)(1) 
SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 


(VcE = 5.0 Vdc, Ic = 100 mA, f = 100 MHz) 
(1) Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MXTA77 


CASE 345-01, STYLE 1 
SOT-89 


MAXIMUM RATINGS 


Collector-Emitter Voltage 


Emitter-Base Voltage ~ | VEBo | 
Collector Current — Continuous Fie | 


DARLINGTON TRANSISTOR 


PNP SILICON 


THERMAL CHARACTERISTICS 


*Total Device Dissipation, TA = 25°C : a : Watt 
Derate above 25°C 8.0 mWw/°C 

| Storage Temperature | Ttg | 150 |] 

“CW 


*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


Refer to MPSA75 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


po haracteristic | Symbot | Min | Mex [Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CES V 
(I¢ = 100 uA) 


Collector-Base Breakdown Voltage V(BR)CBO V 
(I¢ = 100 uA) 

Collector Cutoff Current ICBO nA 
(VcB = 50 V) 

Emitter Cutoff Current nA 
(Vee = 10 V) 

ON CHARACTERISTICS 

hFE 

(Ic = 10 mA, VcgE = 5.0 V) : 
(Ic = 100 mA, VcE = 5.0 V) 

Base-Emitter On Voltage VBE(on) V 
(Ic = 100 mA, Vcge = 5.0 V) 


Collector Cutoff Current ICES nA 
(Vce = 50 V) 

DC Current Gain 

Coilector-Emitter Saturation Voltage VCE(sat) Vv. 
(i¢ = 100 mA, IR = 0.1 mA) 
(I¢ = 10 mA, Vcg = 5.0 V, f = 100 MHz) 
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MXTA92 
MXTA93 


CASE 345-01, STYLE 1 
SOT-89 


MAXIMUM RATINGS 


| Rating | Symbol |MPS-Ag2|MPS-Ag3| Unit _| 
| Collector-Emitter Voltage | “Veo | 300 | 200 | Vdc | 
| Collector-Base Voltage | “Vepo | 300 | 200 | Vac | 

Eriltereass valisoe: [Weesal. ee ae | 


THERMAL CHARACTERISTICS 


*Total Device Dissipation, Ta = 25°C 


Derate above 25°C ae 


1.0 Watt 

8.0 mWw/°C 
Storage Temperature | Teta | 180 |e 
*Thermal Resistance. Junction to Ambient R@JA 


*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


HIGH VOLTAGE 
TRANSISTOR 


PNP SILICON 


Refer to MPSAQ92 for graphs. 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


! OFF CHARACTERISTICS . 
Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(I¢ = 1.0 mAdc, IB = 0) MXTA92 
MXTA93 


Collector-Base Breakdown Voltage V(BR)CBO 
(l¢ = 100 wAdc, Ig = 0) MXTA92 300 
MXTA93 200 


Emitter-Base Breakdown Voltage V(BR)EBO ~ Vde 
(le = 100 wAdc, Ic = 0) . 


Collector Cutoff Current 
(VcB = 200 Vdc, Ie = 0) MXTA92 
(VcB = 160 Vdc, IE = 0) | . MXTAQ3 
Emitter Cutoff Current 
, He 
VCE(sat) Vdc 
(I¢ = 20 mAdc, Ig = 2.0 mAdc) MXTA92 
_ MXTAQ3 
Base-Emitter Saturation Voltage VBE(sat) Vdc 
(Ic = 20 mAdc, Ig = 2.0 mAdc) 


ON CHARACTERISTICS(1) 


DC Current Gain 
(Ii¢ = 1.0 mAdc, VcE = 10 Vdc) Both Types 
(I¢ = 10 mAdc, VcE = 10 Vdc) Both Types 


(i¢ = 30 mAdc, Voce = 10 Vdc) © MXTAQ92 
| MXTAQ3 


Collector-Emitter Saturation Voltage 


(VBE = 3.0 Vdc, Ic = 0) 
SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 

(Ic = 10 mAdc, VcE = 20 Vde, f = 100 MHz) 


Collector-Base Capacitance 
(VcB = 20 Vdc, Ie = 0, f = 1.0 MHz) MXTA92 
MXTAQ93 


(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 
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CASE 20-03 CASE 22-03 CASE 26-03 
TO-72 TO-18 


TO-46 


CASE 27-02 -]| CASE 79-02 
TO-52 -TO-39 


Motorola’s metal-can transistor product offering includes: Metal 
general purpose, switching, high voltage, choppers, Darlingtons, F 
low noise amplifiers and RF amplifiers. Transistors 


A variety of package options are available: TO-18, TO-46, TO- 
52, TO-72, and TO-39. 

Many devices contained in this section are also available with 
high reliability MIL-S-19500 processing. JAN, JANTX, JANTXV, 


and JANS qualified devices are so noted on the following data 
sheets. 


2N656 
2N657 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


Collector Current — Continuous 
2N656 
2N657 


Total Device Dissipation @ Ta = 25°C _ 1.0 | Watt 
Derate above 25°C 5.7 mWw/°C 


GENERAL PURPOSE 
TRANSISTOR 


NPN SILICON 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction . Ty, Tstg -65 to +200 °C 
Temperature Range | 


ELECTRICAL CHARACTERISTICS (Ta, = 25°C unless otherwise noted.) 


Characteristic | Symbol | min [| Max [unit _| 


V(BR)CEO Vde 
60 
100 


V(BR)CBO Vde 
60 
100 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(le = 250 pAdc, Ic = 0) 
Collector Cutoff Current ICBO pAdc 
(VcB = 30 Vdc, Ie = 0) 
ON CHARACTERISTICS | | 
DC Current Gain hrEe 
(I¢ = 200 mAdc, VcgE = 10 Vde) 
Collector-Emitter Saturation Voltage(1) VCE(sat) Vdc 
(I¢ = 200 mAdc, Ip = 40 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Refer to 2N3498 for graphs. 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I¢ = 250 pAdc, Ip = 0) 


Collector-Base Breakdown Voltage 
(I¢ = 100 Adc, IE = 0) 


(1) Pulse Test: Pulse Length = 300 us, Duty Cycle < 2.0%. 


Input Impedance(1) hie k ohm 
(Ig = 8.0 mAdc, Vege = 10 Vdc) : 
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2N697 


CASE 79, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


Emitter-Base Voltage 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


GENERAL PURPOSE 
TRANSISTOR 


NPN SILICON 


Refer to 2N2218 for graphs. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 
fp Characteristic | Symbot | min | Max | unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) © 
(I¢ = 100 mAdc, Rpg = 10 ohms) 


Collector-Base Breakdown Voltage 
(Ic = 100 pAdc, IE = 0) 


Emitter-Base Breakdown Voltage 
(le = 100 wAdc, Ic = 0) 


Collector Cutoff Current 
(VcB = 30 Vdc, IE = 0) 
(Vcp = 30 Vdc, IE =.0, Ta = 150°C) 


ON CHARACTERISTICS 


DC Current Gain(1) HFE 
(I¢ = 150 mAdc, VcgE = 10 Vde) 
Collector-Emitter Saturation Voltage(1) VCE(sat) 
(Ic = 150 mAdc, Ig = 15 mAdc) 


Base-Emitter Saturation Voltage(1) VBE(sat) 
(I¢ = 150 mAdc, Ip = 15 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(VcB = 10 Vde, IE = 0) 


Small-Signal Current Gain 


(Ic = 50 mAdc, Vcg = 10 Vde, f = 20 MHz) 
(1) Pulse Test: Pulse Length < 12 ms, Duty Cycle < 2.0%. 
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2N699 


CASE 79, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


inf Rating . 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 


Derate above 25°C 


Operating and Storage Temperature 
Temperature Range 


GENERAL PURPOSE TRANSISTOR 


NPN SILICON 


Refer to 2N3019 for graphs. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Characteristic Symbol_| Min | Max | Unit _| 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) V(BR)CER Vdc 
(l¢ = 100 mAdc, Ree = 10 ohms) 
Collector Cutoff Current 


(VcB = 60 Vdc, IE = 0) 
(VcB = 60 Vdc, Ie = 0, Ta = 150°C) 


Emitter Cutoff Current 
(Veg = 2.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain (1) 


| hFE 120 
(I¢ = 150 mAdc, VcE = 10 Vdc) 
Collector-Emitter Saturation Voltage (1) VCE(sat) Vde 
(I¢ = 150 mAdc, Ip = 15 mAdc) 
Base-Emitter Saturation Voltage (1) VBE(sat) Vdc 
(I¢ = 150 mAdc, Ip = 15 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 50 mAdc, VcE = 10 Vdc, f = 20 MHz) 
Output Capacitance 
(VcB = 10 Vde, Ie = 0, f = 100 kHz) 
Input Impedance 
_(l¢ = 1.0 mAdc, Vcp = 5.0 Vdc, f = 1.0 kHz) 
(I¢ = 5.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 


Voltage Feedback Ratio 


(ic = 1.0 mAdc, Vp = 5.0 Vde, f = 1.0 kHz) 
(ic = 5.0 mMAdc, VcB = 10 Vde,f = 1.0khZ) 


Small Signal Current Gain 
(Ic = 1.0 mAdc, Vcg = 5.0 Vde, f = 1.0 kHz) 
(Ic = 5.0 mAdc, VcgE = 10 Vde, f = 1.0 kHz) 


Output Admittance 
(I¢ = 1.0 mAdc, Vcg = 5.0 Vde, f = 1.0 kHz) 
(Ic = 5.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 


(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 
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2N703. 


JAN AVAILABLE 
CASE 22, STYLE 1 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 
Rating 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 

Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


SWITCHING TRANSISTOR 


NPN SILICON 


Refer to 2N2368 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


[Characteristic | Symbot | min | typ | Max | unit 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(I¢ = 2.0 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(I¢ = 5.0 Adc, Ie = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 10 wAdc, Ic = 0) 

Collector Cutoff Current ICEO pAdc 
(VcE = 20 Vdc, Ip = 0) 
(Ic = 10 mAdc, Vcg = 5.0 Vdc) 


Collector Cutoff Current 
(VcB = 10 Vdc, Ie = 0) 
hFE 
(Ic = 10 mAdc, Vcg = 5.0 Vde, Ta = -55°C) 
Collector-Emitter Saturation Voltage(1) VCE(sat) Vdc 
| (I¢ = 10 mAdc, lp = 0.5 mAdc) 
a 


ON CHARACTERISTICS 


DC Current Gain(1) 


(VcB = 10 Vde, Ie = 0, Ta = +150°C) 

Base-Emitter On Voltage(1) VBE(on) 0.7 
(i¢ = 10 mAdc, Vcg = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(IE = 10 mAdc, Vcg = 5.0 Vdc, f = 100 MHz) 


Output Capacitance 
(VcB = 5.0 Vde, Ie = 0, f = 1.0 MHz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle = 2.0% 
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MAXIMUM RATINGS 
[Collector-Emitter Voltage 2N706A8 | Vceo | 15 | Vde 


Collector-Base Voltage 


2N706,A,B 


(2N706 JAN AVAILABLE) 
CASE 22, STYLE 1 
TO-18 (TO-206AA) 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C mWw/°C 


Total Device Dissipation @ Tc = 25°C 1.0 Watts 
Derate above 25°C 6.67 
Total Device Dissipation @ Tc = 100°C Watt 
Derate above 100°C . 
Operating and Storage Junction TJ, Tstg | ~65 to +200 °C 
Temperature Range 
THERMAL CHARACTERISTICS | 


[Characteristic ===; «Symbol_| Max (| Unit 
Thermal Resistance, Junction to Case R@Jc | 150s | ecw 


Thermal Resistance, Junction to Ambient RJA °C/W 
2N706A,B 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | Max | Unit _| 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) | V(BR)CEO 15 Vdc 
(l¢ = 10 mAdc, Ig = 0) 
Coilector-Emitter Breakdown Voltage(2) V(BR)CER 20 Vde 
(R = 10 ohms, Ic = 10 mAdc) 


Collector Cutoff Current ICBO pAdc 
(Vcp = 15 Vde, Ie = 0) 
(VcB = 15 Vdc, IE = 0, Ta = 150°C) 
(Vcp = 25 Vdc, Ie = 0) 2N706A, 2N706B 

Collector Cutoff Current ICER 10 pAdc 
(VcE = 20 Vdc, RpE = 100k) 2N706A, 2N706B 

Emitter Cutoff Current pAdc 
(VER = 3.0 Vde, Ic = 0) 2N706 
(Veg = 5.0 Vde, Ic = 0) 2N706A, 2N706B 


ON CHARACTERISTICS 


DC Current Gain(2) 
(I¢ = 10 mAdc, VcE = 1.0 Vdc) 2N706 
2N706A, 2N706B 
VCE(sat) Vdc 
0.6 
0.4 


SWITCHING TRANSISTOR 


NPN SILICON 


Refer to 2N2368 for graphs. 


Collector-Emitter Saturation Voltage(2) 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 2N706, 2N706A 
2N706B 


Base-Emitter Saturation Voltage(2) 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 2N706 
2N706A, 2N706B 


VBE(sat) 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 
(VcE = 15 Vde, Iz = 10 mAde, f = 100 MHz) 


Output Capacitance 
(Vcp = 5.0 Vdc, IE = 0) 2N706A, 2N706B 
(Vcp = 10 Vdc, IE = 0) 2N706 


Magnitude of Forward Current Transfer Ratio, Common-Emitter lhfel 
(VceE = 15 Vdc, Ie = 10 mAdc, f = 100 Mhz) 2N706 
_(VcE = 10 Vde, IE = 10 mAdc, f = 100 MHz) 2N706A,B 
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ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 


Storage Time 2N706B 


Turn-On Time ton 
(ig7 = 3.0 mA, IB2 = 1.0 mA) 


Turn-Off Time toff 
(IB1 = 3.0 mA, Ip2 = 1.0 mA) 


Charge Storage Time Constant(2) 


2N706 
2N706A,B 


(1) Refers to collector breakdown voltage in the high current region when Rpe = 10 0 
(2) Pulse Test: Pulse Width < 12 us, Duty Cycle < 2.0%. 
(3) Switching Times Measured with Tektronix Type R Plug-In (50 2 Internal Impedance). 


SWITCHING TIME TEST CIRCUIT STORAGE TIME TEST CIRCUIT MEASUREMENT CIRCUIT 


; “es 
Type R save Resistor Type R Sampling Reco” oe 


On Veo = 3Vde 207 Vee =: 10Vde a 
Pulse Volts B10Gr eens OC Een pices 9809 > (adjust for 10mA) 
re) eile al Internal Resistance : 
502 11V 
apy * SCOPE 541 
ov —/- —|~ ov- -{—-]- = OR EQUIVALENT 
_2V — 
_10V 
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MAXIMUM RATINGS 


2N708 


| JAN, JTX AVAILABLE 
! CASE 22, STYLE 1 
TO-18 (TO-206AA) 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Tc = 100°C 
Derate above 25°C 
Derate above 100°C 


| SWITCHING TRANSISTOR 
NPN SILICON ; THERMAL CHARACTERISTICS 


[Characteristic | Symbol | Max | 
Thermal Resistance, Junction to Case ReJc [145 °C/W 


Refer to 2N2368 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min [| Mex | Unit _| 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage (Ic = 30 mAdc, Rpe < 10 ohms) 


Collector-Emitter Sustaining Voltage (I¢ = 30 mAdc, Ip = 0) VCEO(sus) 
Collector-Base Breakdown Voltage (Ic = 1.0 wAdc, Ig = 0) V(BR)CBO 
Emitter-Base Breakdown Voltage (lg- = 10 wAdc, ic = 0) V(BR)EBO 
Collector Cutoff Current (VcE = 20 Vdc, Vege = 0.25 Vde, Ta = +125°C) ICEX 


Collector Cutoff Current (Vcp = 20 Vdc, Ie = 0) ICBO 
(VcB = 20 Vdc, Ic = 0, Ta = 150°C) 


Emitter Cutoff Current (Vge = 4.0 Vdc, Ic = 0) 
ON CHARACTERISTICS 


DC Current Gain 
(ic = 0.5 mAdc, VcE = 1.0 Vdc) 
(I¢ = 10 mAdc, Veg = 1.0 Vde)(1) 
(Ic = 10 mAdc, Vcg = 1.0 Vde, Ta = —55°C)(1) 


Collector-Emitter Saturation Voltage 


(I¢ = 10 mAdc, Ip = 1.0 mAdc) 

(I¢ = 7.0 mAdc, Ip = 0.7 mAdc, Ta = —55°C to + 125°C) 
Base-Emitter Saturation Voltage 

(Ic = 10 mAdc, Ip = 1.0 mAdc) 

(I¢ = 7.0 mAdc, Ip = 0.7 mAdc, Ta = —55°C) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 


(Ic = 10 mAdc, Vcg = 10 Vdc, f = 100 MHz) 


Output Capacitance 
(Vcg = 10 Vde, Ig = 0, 100 kHz < f < 1.0 MHz) 


Extrinsic Base Resistance 
(Ic = 10 mAdc, VcE = 10 Vdc, f = 300 MHz) 


SWITCHING CHARACTERISTICS 


Storage Time 
(Ic = lpi = lpg = 10 mAdc) 


Cobo 


fh 


Turn-On Time 


° 


as 
3 


Turn-Off Time toff 
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2N718 


CASE 22, STYLE 1 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


GENERAL PURPOSE 
TRANSISTOR 


NPN SILICON 


Operating and Storage Junction 
Temperature Range 


Refer to 2N2218 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


| Characteristic | Symbol | Min | Max | Unit _| 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage VCER(sus) . Vde 
(Ic = 100 mAdc, pulsed; Rg <= 10 Ohms) 

Collector-Base Breakdown Voltage | V(BR)CBO Vdc 

_ (l¢ = 100 pAdc, Ie = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 1.0 mA, Ic = 0) 


Collector Cutoff Current 
(VcB = 30 Vdc, Ig = 0) 
(VcB = 30 Vdc, IE = 0, Ta = 150°C) 


ON CHARACTERISTICS 


DC Current Gain hFE 
(Ic = 150 mAdc, VcgE = 10 Vdc) 

Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 150 mAdc, Ig = 15 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 
(I¢ = 150 mAdc, Ip = 15 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(VcB = 10 Vdc, f = 100 kHz, IE = 0) 


Input Capacitance 


(VBE = 0.5 V, f = 100 kHz, Ic = 0) 


Small-Signal Current Gain 
(I¢ = 50 mAdc, Vcge = 10 Vdc, f = 20 MHz) 


(1) Pulse Test: PW < 300 ws, Duty Cycle < 2.0%. © 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


2N718A 
2N956, 2N1711 


2N718A JAN, JTX, 
JTXV AVAILABLE 
CASE 22, STYLE 1 
TO-18 (TO-206AA) 


2N718A | 
2N956 


Total Device Dissipation @ Ta = 25°C 500 800 mW 
Derate above 25°C 2.86 4.57 mWw/°C 

Total Device Dissipation @ Tc = 25°C 1.8 3.0 Watts 
Derate above 25°C 10.3 17.15 mW/°C 

Operating and Storage Junction TJ, Tstg —65 to +200 


Temperature Range 


GENERAL PURPOSE 
TRANSISTOR 


NPN SILICON 


2N718A: See 2N3019 for graphs.* 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


[Characters dmb | in | tp Mee | Ut 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage VCER(sus) Vde 
(Ic = 100 mAdc, pulsed; Rpg < 10 ohms) 
Collector-Base Breakdown Voltage V(BR)CBO 75 Vdc 
(I¢ = 100 Adc, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 7.0 Vdc 
(le = 100 wAdc, Ic = 0) 
Collector Cutoff Current ICBO pAdc 
(VcB = 60 Vdc, Ie = 0) 
(VcB = 60 Vdc, Ig = 0, Ta = 150°C) 
Emitter Cutoff Current pAdc 
0.010 
0.005 


(VBE = 5.0 Vdc, Ic = 0) . 2N718A, 
2N956, 2N1711 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 0.01 mAdc, VcE = 10 Vdc) 2N956, 2N1711 


(I¢ = 0.1 mAdc, Vce = 10 Vdc) 2N718A, 
2N956, 2N1711 


(I¢ = 10 mAdc, Vcg = 10 Vdc) - 2N718A, 
2N956, 2N1711 


(Ic = 10 mAdc, Vcg = 10 Vde, Ta = —55°C) 2N718A, 
: 2N956, 2N1711 


(Ic = 150 mAdc, VcE = 10 Vdc) 2N718A, 
2N956, 2N1711 


(ic = 500 mAdc, Veg = 10 Vdc) 2N718A, 
2N956, 2N1711 


20 
40 — 
Collector-Emitter Saturation Voltage(1) VCE(sat) Vde 
(Ic = 150 mAdc, Ig = 15 mAdc) 
Base-Emitter Saturation Voltage(1) VBE(sat) Vdc 
(I¢ = 150 mAdc, Ip = 15 mAdc) 
(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. : 
*2N956 and 2N1711: See 2N3019 for graphs. 
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2N718A, 2N956, 2N1711 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic «Symbol | in | tp | me | Uae 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product « 
(I¢ = 50 mAdc, VcE = 10 Vde, f = 20 MHz) 2N718A, 
. 2N956, 2N1711 


Output Capacitance : 
(Veg = 10 Vdc, Ie = 0, f = 100: kHz) 


Input Capacitance rs 
(VBE = 0.5 Vdc, Ic = 0, f = 100 kHz) 


Input Impedance 
(I¢ = 1.0 mAdc, Veg = 5.0 Vdc, f = 1.0 kHz) 
(I¢ = 5.0 mAdc, Vcg = 10 Vde, f = 1.0 kHz) 


Voltage Feedback Ratio 
(I¢ = 1.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz) 2N718A, 
2N956, 2N1711 


(ic = 5.0 mAdc, Vcg = 10 Vde, f = 1.0 kHz) 2N718A, 
2N956, 2N1711 


Small-Signal Current Gain 
(Ic = 1.0 mAdc, VcgE = 5.0 Vde, f = 1.0 kHz) 2N718A, 
2N956, 2N1711 


(Ic = 5.0 mAdc, VcE = 10 Vde, f = 1.0 kHz) 2N718A, 
2N956, 2N1711 


Output Admittance 
(I¢ = 1.0 mAdc, Veg = 5.0 Vde, f = 1.0 kHz) 
(Ic = 5.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 


Noise Figure 
(i¢ = 300 wAdc, VcE = 10 Vdc, f = 1.0 kHz) 2N718A, 
2N956, 2N1711 
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2N720A 


CASE 22, STYLE 1 | MAXIMUM RATINGS 
TO-18 (TO-206AA) 


Rating . 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C = 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


GENERAL PURPOSE TRANSISTOR 


NPN SILICON 


THERMAL CHARACTERISTICS 


Symbol | Max | Unit _| 
Thermal Resistance, Junction to Case R@Jc 97 


Refer to 2N3019 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot_| Min | Mex | unit _| 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage(1) (ic = 100 mAdc, Ree < 10 ohms) VCER(sus) 
Collector-Emitter Sustaining Voltage(1) (Ic = 30 mAdc, Ip = 0) VCEO(sus) | 80 


Collector-Base Breakdown Voltage (Ic = 100 wAdc, IE = 0) V(BR)CBO a 
Emitter-Base Breakdown Voltage (Iz = 100 wAdc, Ic = 0) ViprjepO | 7.0 | — | Vde 


Collector Cutoff Current (Vcp = 90 Vdc, IE = 0) 


_IcBo 
(VcB = 90 Vdc, Ie = 0, Ta = 150°C) 
Emitter Cutoff Current (Vpe = 5.0 Vdc, Ic = 0) leso | — | 


ON CHARACTERISTICS 


DC Current Gain (Ic = 0.1 mAdc, VcE = 10 Vdc) hFE 20 
(Ic = 10 mAdc, VcE = 10 Vdc)(1) 35. 
(Ic = 10 mAdc, Vcg = 10 Vde, Ta = —55°C) 20 
(i¢ = 150 mAdc, VcE = 10 Vdc)(1) 40 


Collector-Emitter Saturation Voltage(1) (Ic = 50 mAdc, Ip = 5.0 mAdc) VCE(sat) 
(Ic = 150 mAdc, Ip = 15 mAdc) 


Base-Emitter Saturation Voltage(1) (Ic = 50 mAdc, Ip = 5.0 mAdc) VBE(sat) 
(I¢ = 150 mAdc, Ip = 15 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 

Current-Gain — Bandwidth Product (ic = 50 mAdc, Vcg = 10 Vdc, f = 20 MHz) 
Output Capacitance (Vcp = 10 Vdc, Ip = 0, f = 100 kHz) 

Input Capacitance (VpE = 0.5 Vdc, Ic = 0, f = 100 kHz) 


Input Impedance (Ic = 1.0 mAdc, Vcp = 5.0 Vdc, f = 1.0 kHz) 
(I¢ = 5.0 mAdc, Veg = 10 Vde, f = 1.0 kHz) 


Voltage Feedback Ratio (Ic = 1.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz) 
(ic = 5.0 mAdc, Vcp = 10 Vde, f = 1.0 kHz) 


Small-Signal Current Gain (Ic = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 
| (Ic = 5.0 mAdc, VCE = 10 Vdc, f = 1.0 kHz) 


Output Admittance (Ic = 1.0 mAdc, Vcp = 5.0 Vdc, f = 1.0 kHz) 
(I¢ = 5.0 mAdc, Vcg = 10 Vde, f = 1.0 kHz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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2N834 
2N835 


MAXIMUM RATINGS 


CASE 22, STYLE 1 
TO-18 (TO-206AA) 


Total Device Dissipation @ Tp = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 100°C 
Derate above 100°C 


Operating and Storage Junction 
Temperature Range 


SWITCHING TRANSISTOR 


NPN SILICON 


Refer to 2N2368 for graphs. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Symbol | Min [| Max | Unit 


OFF CHARACTERISTICS 
Collector-Base Breakdown Voltage V(BR)CBO Vde 
(i¢ = 100 Adc, IE = 0) , 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 100 pAdc, Ic = 0) 
Collector Cutoff Current ICBO pAdc 
(VcB = 20 Vde, IE = 0) 
Collector Cutoff Current ICES 10 pAdc 
(VcE = 30 Vdc, Vege = 0) 


(VcR = 20 Vdc, IE = 0, Ta = 150°C) 


ON CHARACTERISTICS 


DC Current Gain(1) hFE 25 
(I¢ = 10 mAdc, Vcg = 1.0 Vdc) 

Collector-Emitter Saturation Voltage VCE(sat) Vde 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 0.25 
(I¢ = 50 mAdc, Ip = 5.0 mAdc) 0.4 
Base-Emitter Saturation Voltage(1) VBE(sat) Vdc 

(I¢ = 10 mAdc, Ip = 1.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 10 mAdc, VcfE = 15 Vde, f = 100 MHz) 


Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 


Magnitude of Forward Current Transfer Ratio, Common-Emitter 
(I¢ = 10 mAdc, VcgE = 15 Vdc, f = 100 MHz) 


SWITCHING CHARACTERISTICS 


Charge-Storage Time Constant (Figure 2) 


ts 
Ue 1 e mAde BT eles 0) mage) ee eee 
Turn-On Time (Figure 1) | ton 
(i¢ = 10 mAdc, Ipq = 3.0 mAdc, Iga = 1.0 mAdc) 
Turn-Off Time (Figure 1) toff 75 
(I¢ = 10 mAdc, Ip1 = 3.0 mAdc, Igp2 = 1.0 mAdc) 


(1) Pulse Test: Pulse Width < 12 ms, Duty Cycle < 2.0%. 
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2N869A MAXIMUM RATINGS | 
2N4453 


JAN, JTX, JTXV — 
AVAILABLE 
CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


Vde 

Collector-Base Voltage VCBO- Vde 

Emitter-Base Voltage Veso | 50 | Vo | 

Collector Current — Continuous 
0.686 


Total Device Dissipation @ Ta = 25°C 360 400 mW. 
Derate above 25°C -2.06° | 2.29: mw/°C 
Total Device Dissipation @ Tc =. 25°C 1.2 ‘| 2.0. 
Derate above 25°C 6.86 — 
Operating and Storage Junction © TJ, Tstg | —65 to +200 2 
Temperature Rarige ; 


TC = 100°C 
THERMAL CHARACTERISTICS 


Symbol | 2N869A | 2N4453 | Unit 
Thermal Resistance, Junction to Case 
Thermal Resistance, Junction to Ambient R@JA | ase | 585 | ccw | 


2N4453 | 
CASE 26-03, STYLE 1 
TO-46 (TO-206AB) 
JAN, JANTX 
AVAILABLE 


SWITCHING TRANSISTOR | 
PNP SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


: Characteristic | | Symbot_| Min | Max | unit _| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 18 Vdc 
(Ic = 10 mAdc, Ip = 0) 2N4453 

Collector-Emitter Breakdown Voltage V(BR)CES 25 Vde 
(I¢ = 10 wAdc, Vee = 0) 2N869A, 2N4453 

Collector-Emitter Sustaining Voltage(1) VCEO(sus) Vde 
(I¢ = 10 mAdsc, Ip = 0) ; 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(I¢ = 10 pAdc, IE = 0) 2N869A, 2N4453 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 10 wAdc, Ic = 0) | 

Collector Cutoff Current ICBO 25 pAdc 
(Vcp = 15 Vde, Ie = 0, Ta = 150°C) 2N869A _ . 

Collector Cutoff Current ICES 
(VcE = 15 Vdc, Vee = 0) | 


Emitter Cutoff Current 
(VeEB = 4.5 Vdc, Ic = 0) 2N4453 


Base Current 2N869A : ae 


(VcE = 15 Vdc, Vege = 0) 
ON CHARACTERISTICS(1) 
DC Current Gain 


(ic = 10 mAdc, Vcg = 0.3 Vdc) | 2N869A 
(ic = 10 mAdc, VCE = 5.0 Vdc) | 2N869A 
(ic = 30 mAdc, VcE = 0.5 Vdc) | 2N869A, 2N4453 
(ic = 30 mAdc, VcE = 0.5 Vde, Ta = -—55°C) 2N869A, 2N4453 


(I¢ = 100 mAdc, VcE = 1.0 Vdc) 


Collector-Emitter Saturation Voltage 


2N869A, 2N4453 


(ic = 10 mAde, Ig = 1.0 mAdc) 2N869A 
(ic = 30 mAde, Ip = 1.5 mAdc) 2N4453 
(ic = 30 mAde, Ig = 3.0 mAdc) | 2N869A 


~ ei 
VBE(sat) 


(I¢ = 100 mAdc, Ip = 10 mAdc) 


Base-Emitter Saturation Voltage 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 2N869A 
(I¢ = 30 mAdc, Ip = 1.5 mAdc) 2N4453 
(Ic = 30 mAdc, Ip = 3.0 mAdc) 2N869A 
(I¢ = 100 mAdc, Ip = 10 mAdc) 2N869A, 2N4453 


2N869A, 2N4453 
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2N869A, 2N4453 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


P havacteristic | Symbot | min | Max | Unit 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(1)(2) . 
(i¢ = 10 mAdc, Vcg = 15 Vde, f = 100 MHz) 


Output Capacitance 
(Vcp = 5.0 Vde, IE = 0, f = 140 kHz) 


input Capacitance 


(Vpe = 0.5 Vdc, Ic = 0, f = 150 kHz) 


Collector-Base Capacitance 
(VcB = 5.0 Vde, Ie = 0, f = 1.0 MHz) 


Emitter-Base Capacitance 
(VBE = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS 


Delay Time 


Ic = 30 mAdc, 


IB1 = 1.5 mAdec Vcc = 3.0 Vde 


‘| Turn-Off Time 


Fall Time 


Ic = 30 mAdc, 


Ip1 = Ip2 = 


15 mAde Vcc = 3.0 Vde 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle = 1.0%. 


2N869A 
2N869A 
2N4453 


2N4453 


Vcc = 2.0 Vde, 2N869A 
2N4453 
2N4453 


Vcc = 2.0 Vdc 2N869A 
2N4453 
2N4453 


(2) f7 is defined as the frequency at which |h¢g| extrapolates to unity. 


TYPICAL SWITCHING CHARACTERISTICS 


FIGURE 1 — CAPACITANCE 


ies ee Fae 
a eee 
7.0 | | dT LPs 
ashi ee 
oe oe ee 


C, CAPACITANCE (pF) 


1.0 
0.3 05 07 1.0 


2.0 


CN 

NATE TT 
CP 
TE TF 


3.0 


Ty = 25°C 


50 7.0 10 20 = 30 


Vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 2 — DC CURRENT GAIN 


— ae 


hee, DC CURRENT GAIN 


5.0 7.0 
Ic, COLLECTOR CURRENT (mA) 


10 20 50 70 100. 200 
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V, VOLTAGE (VOLTS) 


FIGURE 3 — “ON” VOLTAGES 


CERT 


VBE(sat) @ Ic/Ig = 10 


ee 


aoe ia 
Seer eetioee 
Cane Oe 1 ee ae 


0.2 er 
aay . mee? ie 
CE(sat) @ Ic/Ip = 10 a 
ee on ee aa 
20 30 50 7.0 10 20 30 =650 70 =100 200 


Ic, COLLECTOR CURRENT (mA) 
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2N869A, 2N4453 


FIGURE 4 — CURRENT-GAIN — BANDWIDTH PRODUCT a FIGURE 5 — TURN-ON TIME © 


Ro 
lo] 
oS 
i=) 


Voce = 15V 


ic/Ip = 10 (See Note 3) 
Ty = 25°C 


_ 
i=] 
fo] 
i=] 


t, TIME (ns) 


| ee OE 6 
| iA Gs eet he ee 


ff, CURRENT-GAIN — BANDWIDTH PRODUCT (MHz) 


1.0 20 30 50 7.0 10 20. 30 + «+50 70 100 “1.0 20 30 50 70 10 20 30 50 70 100 
Ic, COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mA) 
\ 
| 
FIGURE 6 — TURN-OFF TIME FIGURE 7 — SWITCHING TIME 
TEST CIRCUIT 
ic¢/tg = 10 
} er TT Ib1=!p2 Gantey VBB Ye 
- Vin 
Zin = 50 2 
tp < 1.0 ns 


Pulse Width = 200 ns 
Duty Cycle <1.0%. 


0.1 uF To Sampling Scope 
Zin 2100 kQ 


ty << 1.0 ns 


100 


300 20 3.0 5.0 7.0 10 20 = 30 50 70 100 = 
tc, COLLECTOR CURRENT (mA) 


FIGURE 8 — SWITCHING TEST CIRCUIT VALUES 
Vin VBB Vcc Re Ic \B1 (4) Ig2'4) 

Volts Volts Volts Ohms mA mA mA 

2N869A a6 a ais 
| 2N4453 -7.0 ; = 3.0 — 3.0 | | | 

2N869A +6.0 -4.0 2.0 1.5 
toff, ts, tf ' 

2N4453 +6.0 -4.0 3.0 1.5 


(3) I¢/lg = 10. Switching is shown to reflect current industry practices. 
Compare the values shown in Figures 1 and 2 @ Ic = 30 mA to the 
typical values in the Electrical Characteristics table @ I¢/Ip = 20. 


(4) 1g1 = Igo = 3.0 mA @ Ic/Ig = 10 
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MAXIMUM RATINGS 


Coliector-Emitter Voltage 
(RgE = 10 Ohms) 


Total Device Dissipation @ Ty = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 


Derate above 25°C 


THERMAL CHARACTERISTICS 


Characteristic | Symbol | 
Thermal Resistance, Junction to Case RgJc 
Thermal Resistance, Junction to Ambient R@JA 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 
Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Ic = 100 mAdc, Rgf < 10 ohms)(1) 
(l¢ = 30 mAdc, Ip = 0)(1) 
(I¢ = 100 pAde, I- = 0) 


(Iz = 100 pAds, Ic = 0) 


Collector-Emitter Sustaining Voltage 
Collector-Base Breakdown Voltage 
Emitter-Base Breakdown Voltage 


Collector Cutoff Current (Vcg = 75 Vdc, IE = 0) 
(Vcp = 75 Vdc, IE = 0, Ta = 150°C) 


Emitter Cutoff Current (Vpe = 5.0 Vdc, Ic = 0) 
ON CHARACTERISTICS 


DC Current Gain (I¢ = 0.1 mAdc, Vc 
(I¢ = 10 mAdc, Vc 
(I¢ = 10 mAdc, Vc 


Collector-Emitter Saturation Voltage 


10 Vdc) 
10 Vdc) 
10 Vde, Ta = -55°C) 


= 10 mAdc, Ig = 1.0 mAdc) 
= 50 mAdc, Ip = 5.0 mAdc) 


(I¢ = 10 mAdc, Ip = 1.0 mAdc) 
(l¢ = 50 mAdc, Ip = 5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product (lc = 50 mAdc, Vcg = 10 Vdc, f = 20 MHz) 


Output Capacitance (Vcg = 10 Vdc, IE = 0, f = 100 kHz) 
Input Capacitance (Vpg = 0.5 Vdc, Ic = 0, f = 100 kHz) 
Input Impedance (ic = 5.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz) 


Input Impedance (Ic = 1.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz) 
(Ic = 5.0 mAdc, Vcp = 5.0 Vde, f = 1.0 kHz) 


Base-Emitter Saturation Voltage 


Voltage Feedback Ratio (Ic = 1.0 mAdc, Vcp = 5.0 Vde, f = 1.0 kHz) 


Small-Signal Current Gain (I¢ = 1.0 mAdc, Vcgé = 5.0 Vde, f = 1.0 kHz) 
(ic = 5.0 mAdc, Vcge = 5.0 Vdc, f = 1.0 kHz) 


(I¢ = 1.0 mAdc, Vcg = 5.0 Vde, f = 1.0 kHz) 
(Ic = 5.0 mAdc, Vcp = 5.0 Vde, f = 1.0 kHz) 


Noise Figure (Ic = 0.3 mAdc, Vcp = 10 Vdc, Rg = 510 ohms, 
f = 1.0 kHz, B W = 200 Hz) 


(1) Pulse Test: Pulse Width < 300 ps, Duty Cycle = 2.0%. 


Output Admittance 
Output Admittance 
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2N910 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


GENERAL PURPOSE 
TRANSISTOR 


NPN SILICON 


Refer to 2N3019 for graphs. 


VCER(sus) 
VCEO(sus) 
V(BR)CBO 
V(BR)EBO 
ICBO 


VCE(sat) 


VBE(sat) 


Cibo 
hie 


=a 


7 1S. 5 5° 
lox 
oO |o iow } 


ie} 


hrb 


E 
a 


MOTOROLA SEMICONDUCTORS 


2N914 


JAN, JTX AVAILABLE MAXIMUM RATINGS 
CASE 22, STYLE 1 
TO-18 (TO-206AA) 


Collector-Emitter Voltage 


Collector-Emitter Voltage 
(Rae < 10 ohms) 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 100°C 0.68 Watt 
Derate above 100°C 
Operating and Storage Junction TJ, Tstg | —65 to +200 °C 
Temperature Range 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit 
Collector-Emitter Breakdown Voltage(2) (ic = 30 mAdc, Ree < 10 ohms) VCER(sus) a ee Sees 


SWITCHING TRANSISTOR 


NPN SILICON 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C : 


Refer to 2N2368 for graphs. 


_OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage(2) (ic =.30 mAdc, Ip = 0) | Vceo(sus) | 15 | C—O] 
| Collector-Base Breakdown Voltage (Ic = 1.0uAdcle=0) | “Mpricso | 40 | = | Ve 
Emitter-Base Breakdown Voltage (Ip = 10 wAdc, Ic = 0) | Werjeso | 5.0 | — | Vde 
Collector Cutoff Current (VcgE = 20 Vdc, Vee = 0.25 Vdc, Ta = 125°C) | tcex | — | 10 | pAde | 
Collector Cutoff Current (Vcp = 20 Vdc, IE = 0) ICBO oe | ee ee | 
(VcB = 20 Vdc, le = 0, Ta = 150°C) 


ON CHARACTERISTICS 


DC Current Gain(2) 
(Ic = 10 mAdc, Vcge = 1.0 Vdc) 

(I¢ = 10 mAdc, VcE = 1.0 Vdc, Ta = —55°C) 
(I¢ = 500 mAdc, Vcg = 5.0 Vdc) 


Collector-Emitter Saturation Voltage(2) 
(I¢ = 200 mAdc, Ip = 20 mAdc) 


VCE(sat) Vde 
0.70 
(I¢ = 10 mAdc, Ip = 1.0 thru 20 mAdc, Ta = —55 to + 125°C) 0.25 
Base-Emitter Saturation Voltage VBE(sat) 0.70 0.80 Vdc 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 20 mAdc, VcE = 10 Vdc, f = 100 MHz) 


Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 


Input Capacitance 
(VBE = 0.5 Vde, Ic = 0, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS 


Storage Time(3) 
(Ic = lpi = Ip2 = 20 mAdc) 


Turn-On Time(3) 


(I¢ = 200 mAdc, Ip1 = 40 mAdc, ipa = 20 mAdc) 


Turn-Off Time(3) 
(I¢ = 200 mAdc, Ip, = 40 mAdc, lpg = 20 mAdc) 


(1) Limited by Power Dissipation. 
(2) Pulse Test: Pulse Width = 300 us, Duty Cycle < 1.0%. 
(3) Measured on Sampling Scope: Pulse Width = 200 ns. 
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2N915 


CASE 22, STYLE 1 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 
Rating 


Emitter-Base Voltage 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 

Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


GENERAL PURPOSE TRANSISTOR 


NPN SILICON 


Operating and Storage Temperature 
Temperature Range 


Refer to 2N3946 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


po haracteristic | Symbot | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage(1) | VCEO(sus) Vde 
(I¢ = 10 mA Ip = 0) 


Collector-Base Breakdown Voltage V(BR)CBO 70 Vdc 
(Ic = 100 wA Ie = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(iE = 10 pA, Ic = 0) 
Collector Cutoff Current ICBO pA 
(VcB = 60V, le = 0) . 
Collector Cutoff Current ICBO pA 
(VcB = 60 V, Ig = 0) 0.010 
(VcB = 60 V, le = 0, Ta = +150°C) 30 
ON CHARACTERISTICS 
‘| DC Current Gain hFE 
(Ic = 10 MA VcE = 5.0 V) . 
Collector-Emitter Saturation Voltage VCE(sat) Vde 
(Ic = 10 mA Ip = 1.0 mA 
Base-Emitter Saturation Voltage VBE(sat) Vde 
(i¢ = 10 mA Ig = 1.0 mA) 
SMALL-SIGNAL CHARACTERISTICS 


Emitter Transition Capacitance 
(Ic = 0 VER = 0.5 V, f. = 100 kHz) 


Input Impedance 
(Ic = 1.0 mA VcE 
(Ic = 5.0 MA VcE 


High Frequency Current Gain f = 100 MHz hfe — 2.5 — 
(I¢ = 10 MA VcgE = 15 V) i 


Small-Signal Current Gain f = 1 kHz 
(Ic = 1.0 mA VcE = 5.0 V) 
(Ic = 5.0 mA Vcg = 5.0 V) 
Output Admittance 
(Ic = 1.0 mA Vcg = 5.0 V) 
(Ic = 5.0 mA Vcg = 5.0 V) 


Collector Base Time Constant rb’C> 300 
(I¢ = 10 mA, Veg = 10 V, f = 40 mHz) 


(1) Pulse Test: PW = 300 us, Duty Cycle = 1.0%. 


it 
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2N916 


JAN AVAILABLE 
CASE 22, STYLE 1 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 


a 
[colector Bese Voltage ~~ cag | as | vee 
[Emiter-Base Voltage ——~—~S~dCSego | |e 


Total Device Dissipation @ Ta = 25°C 0.36 Watts 
Derate above 25°C 2.06 mWw/°C 


GENERAL PURPOSE 
TRANSISTOR 


NPN SILICON 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction Ty, Tstg —65 to +200 °C 
Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 
Collector-Emitter Sustaining Voltage(1) (Ic = 30 mA, Ip = 0) VCEO(sus) ES Se 


Collector-Base Breakdown Voltage (Ic = 10 wA, IE = 0) V(BR)CBO | 


Emitter-Base Breakdown Voltage (If = 10 vA, Ic = 0) V(BR)EBO | 5.0 | 


Refer to 2N3946 for graphs. 


Collector Cutoff Current (Vcp = 30 V, Ig = 0) ICBO 


Collector Cutoff Current @ 150°C 
ON CHARACTERISTICS 


ICBO_ 
DC Current Gain(1) 
(I¢ = 10 mA, VcE = 1.0 V) 


hFE 
50 200 
(I¢ = 10 mA, VcE =. 1.0 V, — 55°C) 15 — 
Collector-Emitter Saturation Voltage VCE(sat) Vde 
(I¢ = 10 mA, ig = 1.0 mA) 
Base-Emitter Saturation Voltage VBE(sat) Vde 
(I¢ = 10 mA, Ip = 1.0 mA) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(VcB = 5.0 V, IE = 0) 


(Vcp = 30 V, IE = 0) 


Input Capacitance 
(VER = 0.5 V, Ic = 0) 


Input Impedance, f = 1.0 kHz 
(ic = 1.0 mA, VcFE = 5.0 V) 
(I¢ = 5.0 mA, VcE = 5.0 V) 


Small-Signal Current Gain, f = 1.0 kHz 


(Ic = 1.0 mA, VcE = 5.0 V) 
(i¢ = 5.0 mA, VcE = 5.0 V) 


| Magnitude of Forward Circuit Transfer Ratio, Common-Emitter lhfel 
(I¢ = 10 mA, Vege = 15 V) 


Output Admittance, f = 1.0 kHz 
(I¢ = 1.0 mA, Vcge = 5.0 V) 
(i¢ = 5.0 mA, VcE = 5.0 V) 


Collector Base Time Constant . rb’C, 
(I¢ = 10 mA, Vcg = 10 V, f = 40 MHz) 


(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 1.0%. 
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2N918 


JAN, JTX, JTXV AVAILABLE 
CASE 20-03, STYLE 10 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


AMPLIFIER TRANSISTOR 


Total Device Dissipation @ Tc = 25°C NPN SILICON 


Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage VCEO(sus) 15 Vde 
(Ic = 3.0 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 1.0 wAdc, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 3.0 Vdc 
(IE = 10 wAdc, Ic = 0) 


Collector Cutoff Current 
(VcB = 15 Vdc, Ie = 0) 
(Vcp = 15 Vde, Ie = 0, Ta = 150°C) 


ON CHARACTERISTICS 


DC Current Gain hFE 20 
(Ic = 3.0 mAdc, VcE = 1.0 Vdc) 
Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) Vdc 
(ic = 10 mAdc, Ip = 1.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(1) 
(I¢ = 4.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 


Output Capacitance 
(VcB = 10 Vdc, IE = 0, f = 140 kHz) 
(VcB = 0, IE = 0, f = 140 kHz) 


Input Capacitance 
(Veg = 0.5 Vdc, Ic = 0, f = 140 kHz) 


Noise Figure 
(I¢ = 1.0 mAdc, Vcg = 6.0 Vdc, Rg = 400 Ohms, f = 60 MHz) 


FUNCTIONAL TEST 


Amplifier Power Gain Gpe 
(VcB = 12 Vdc, Ic = 6.0 mAdc, f = 200 MHz) 
Power Output . mw 
(VcB = 15 Vdc, Ic = 8.0 mAdc, f = 500 MHz) 
Collector Efficiency n 25 % 
(VcB = 15 Vdc, Ic = 8.0 mAdc, f = 500 MHz) 


(1) f7 is defined as the frequency at which |h¢e| extrapolates to unity. 
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2N930,A 


JAN, JTX AVAILABLE 
CASE 22, STYLE 1 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C att 
Derate above 25°C mw/°C 


Operating and Storage Temperature TJ, Tstg —65 to + 175 °C 
Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot_| Min | Max [Unit _| 


Collector-Emitter Breakdown Voltage (1) V(BR)CEO Vde 
(I¢ = 10 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 10 wAdc, IE = 0) 2N930A 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 10 wAdc, Ic = 0) 2N930 
2N930A 
Coliector Cutoff Current ICEO nAdc 
(VcE = 5.0 Vdc, Ip = 0) 
“Wea see ” --[e|™. 


(Vcp = 45 Vdc, Ie = 0) 


AMPLIFIER TRANSISTOR 


NPN SILICON 


Refer to 2N2481 for graphs. 


OFF CHARACTERISTICS 


2N930 
2N930A 


Collector Cutoff Current ICES 
(VceE = 45 Vdc, Vee = 0). 2N930 10 nAdc 
‘ 2N930A 2.0 
(VcE = 45 Vdc, Veg = 0, Ta = 170°C) -2N930 10 pAdc | 
2N930A 2.0 


Emitter Cutoff Current 
(VBE = 5.0 Vdc, Ic = 0) 3 2N930 
2N930A 


ON CHARACTERISTICS 


DC Current Gain 
(ic = 1.0 wAde, Vcg = 5.0 Vdc) 2N930A 


(ic = 10 wAde, VcE = 5.0 Vde) 2N930 
| 2N930A 


(Ic = 10 wAdc, VcE = 5.0 Vde, Ta = —55°C) 2N930 
2N930A 


(Ic = 500 wAde, VcE = 5.0 Vdc) 2N930 
2N930A 


(ic = 10 mAdc, Vcg = 5.0 Vde) (1) 2N930 
2N930A 
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2N930,A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol 


Collector-Emitter Saturation Voltage (1) VCE(sat) 
(Ic = 10 mAdc, Ip = 0.5 mAdc) 2N930 
2N930A 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 
(Ic = 500 pAdc, Vce = 5.0 Vde, f = 30 MHz) 2N930 
2N930A 


Base-Emitter Saturation Voltage (1) VBE(sat) . 
(Ic = 10 mAde, Ip = 0.5 mAdc) 2N930 07 
2N930A 


Output Capacitance 
(VcB = 5.0 Vdc, Ie = 0, f = 1.0 MHz) 


Input Impedance 
(IE = 1.0 mAdc, Vcp = 5.0 Vdc, f = 1.0 kHz) 


Voltage Feedback Ratio 


(IE = 1.0 mAdc, Vcp = 5.0 Vde, f = 1.0 kHz) 


Small-Signal Current Gain 
(I¢ = 1.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz) 2N930 
2N930A 


Output Admittance 
(IE = 1.0 mAdc, Veg = 5.0 Vdc, f = 1.0 kHz) 


Noise Figure . 
(Ic = 10 Adc, Vcg = 5.0 Vdc, 2N930, 
Rs = 10 k ohms, f = 10 Hz to 15.7 kHz) 2N930A 


(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 


2 N956 For Specifications, See 2N718A Data. 
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MAXIMUM RATINGS 


Collector-Emitter Voltage 
(RgeE = 10 Ohms) 


2N1132,A 

JAN AVAILABLE 
CASE 79-02, STYLE 1 
: TO-39 (TO-205AD) 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 

Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 100°C 
2N1132A 


SWITCHING TRANSISTOR 
PNP SILICON THERMAL CHARACTERISTICS 


Characteristic Symbol 
Thermal Resistance, Junction to Case R@Jc 
Thermal Resistance, Junction to Ambient RJA 


Refer to 2N2904 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Collector-Emitter Breakdown Voltage - 2N1132A 


V(BR)CEO Vde 
(I¢ = 10 mA) 2N1132 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(I¢ = 100 wAdc, IE = 0) 2N1132, 
2N1132A 
Emitter-Base Breakdown Voltage V(BR)EBO pe |= |" 


OFF CHARACTERISTICS 


(Ile = 100 wAde, Ic = 0) 2N1132, 

(ig = 1.0 mA, Ic = 0) 2N1132A 
Collector Cutoff Current 

(VcB = 30 Vdc, Ie = 0) 2N1132 

(VcB = 50 Vdc, IE = 0) 2N1132 


(VcB = 30 Vdc, Ie = 0, Ta = 150°C) 

(Vcp = 45 Vde, IE = 0) 

(VcB = 45 Vdc, Ie = 0, Ta = 150°C) 
Collector Cutoff Current 

(Vce = 50 V, Rae = =< 10 Ohms) 
Emitter Cutoff Current 

(VBE = 5.0 Vde, Ic = 0) 

(VBE = 2.0 Vdc, Ic = 0) 


ON CHARACTERISTICS(1) 


DC Current Gain 
(I¢ = 5.0 mAdc, Vce = 10 Vdc) 
(I¢ = 150 mAdc, VcEe = 10 Vdc) 


Collector-Emitter Saturation Voltage 
(I¢ = 150 mAdc, Ip = 15 mAdc) 


Base-Emitter Saturation Voltage 
(i¢ = 150 mAdc, ig = 15 mAdc) 


2N1132 
2N1132A 
2N1132A 


2N1132A 
2N1132 
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2N1132,A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit | 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 
(I¢ = 50 mAdc, Vcg = 10 Vdc, f = 20 MHz) 


Output Capacitance 
(VcB = 10 Vdc, IE = 2N1132, 
(VcB = 10 Vdc, IE = : 2N1132A 


Input Capacitance 
(VBE = 0.5 Vdc, | 


= . 2N1132, 


C 
(VBE = 0.5 Vdc, Ic = 2N1132A 


Input Impedance 
(i¢ = 1.0 mAdc, Vcg = 5.0 Vde, f = 1.0 kHz 
(I¢ = 5.0 mAdc, VcB = 10 Vdc, f = 1.0 kHz 


Voltage Feedback Ratio 
(Ic = 5.0 mAdc, VcgE = 5.0 Vdc, f = 1.0 kHz) 
(I¢ = 5.0 mAdc, Vcge = 10 Vde, f = 1.0 kHz) 


Small-Signal Current Gain 


(I¢ = 1.0 mAdc, VcgE = 5.0 Vdc, f = 1.0 kHz) 2N1132, 
2N1132A 
(I¢ = 5.0 mAdc, Vcge = 10 Vdc, f = 1.0 kHz) 2N1132, 
2N1132A 
Output Admittance pmhos 
(Ic = 1.0 mAdc, Vcg = 5.0 Vde, f = 1.0 kHz) 
(I¢ = 5.0 mAdc, Vcf = 10 Vdc, f = 1.0 kHz) 
SWITCHING CHARACTERISTICS 
Turn-On Time 2N1132A a aS 


| 45 | ts 
top | — | 35 | os 


(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 


FIGURE 1) SWITCHING TIMES TEST CIRCUIT 


Scope 
0 
PW = 150 ns 
ty S2.0ns 
Duty Cycle <2.0% 
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2N1613 


JAN, JTX, JTXV AVAILABLE 
_CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


Symbol | Value | Unit _ 
Collector-Emitter Voltage VCER Vde 
(RgeE = 10 Ohms) 
Collector-Base Voltage VcBO Vdc 


Emitter-Base Voltage VEBO 
Collector Current — Continuous 


| Total Device Dissipation @ Ta = 25°C 0.8 Watt 
Derate above 25°C 4.57 mWw/°C 
Total Device Dissipation @ Tc = 25°C 3.0 Watts 
17.15 mWw/°C 


Derate above 25°C 
GENERAL PURPOSE 


Operating and Storage Junction (eee ke | 
TRANSISTOR Temperature Range . 
_ NPN SILICON THERMAL CHARACTERISTICS 


[Characteristic =< “Symbol | Max | Unit | 
Thermal Resistance, Junction to Case R@Jc | 68s | ecw CO 


Refer to 2N3019 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) (I¢ = 100 mAdc, Rge < 10 Ohms) VCER(sus) | 50 | — | — | Vde | 
Collector-Base Breakdown Voltage (Ic = 100 uAdc, Ig = 0) V(BR)CBO | 7m | — | — | vae | 


Emitter-Base Breakdown Voltage (lp = 100 wAdc, Ic = 0) V(BR)EBO a i ie ee ee 


Collector Cutoff Current (Vcp = 60 Vdc, IE = 0) ICBO 10 nAdc 
(VcB = 60 Vdc, IE = 0, Ta = 150°C) pAdc 
(I¢ = 150 mAdc, VcgE = 10 Vdc) 


Emitter Cutoff Current (Veg = 5.0 Vdc, Ic = 0) 
hee 20 35 
35 50 
20 —_ 
40 ~ 80 
(Ic = 500 mAdc, Vcg = 10 Vdc) 20 


30 
Collector-Emitter Saturation Voltage (Ic = 150 mAdc, Ip = 15 mAdc) VCE(sat) Po — | os | 15 | vac | 
Base-Emitter Saturation Voltage (Ic = 150 mAdc, Ip = 15 mAdc) VBE(sat) | fe oe | 1s | vee | 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(1) 
(I¢ = 50 mAdc, VcE = 10 Vdc, f = 20 MHz) 


Output Capacitance (Vcp = 10 Vdc, IE = 0, f = 100 kHz) 
Input Capacitance (VeEB = 0.5 Vdc, Ic = 0, f = 100 kHz) 


Input Impedance (ic = 1.0 mAdc, Vcg = 5.0 Vde, f = 1.0 kHz) 
(Ic = 5.0 mAdc, Vcg = 10 Vde, f = 1.0 kHz) 


Voltage Feedback Ratio (Ic = 1.0 mAdc, Vcg = 5.0 Vde, f = 1.0 kHz) 


ON CHARACTERISTICS(1) 


DC Current Gain (Ic = 100 wAdc, VcgE = 10 Vdc) 
(I¢ = 10 mAdc, Vcge = 10 Vdc) 
=1 


(Ic = 10 mAdc, VcE 0 Vde, Ta = —55°C) 


(Ic = 5.0 mAdc, Veg = 10 Vdc, f = 1.0 kHz) 


Small-Signal Current Gain (Ic = 1.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz) 
(I¢ = 5.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 


Output Admittance (Ic = 1.0 mAdc, Vcp = 5.0 Vdc, f = 1.0 kHz) 
(I¢ = 5.0 mAdc, Veg = 10 Vdc, f = 1.0 kHz) 


Noise Figure (Ic = 0.3 mAdc, VcE = 10 Vdc, Rg = 510 Ohms, f = 1.0 kHz, 
Bandwidth = 1.0 Hz) 


SWITCHING CHARACTERISTICS 


feSwAbehnG) Tine a te |e fo 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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2 N 1 71 1 For Specifications, See 2N718A Data. 


MAXIMUM RATINGS 


| Value | Unit 


| 2N1893 


CASE 79, STYLE 1 
TO-39 (TO-205AD) 


Emitter-Base Voltage 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


GENERAL PURPOSE TRANSISTOR 


NPN SILICON 


Characteristic 
Thermal Resistance, Junction to Case 
Thermal Resistance, Junction to Ambient 


Refer to 2N3019 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


PS Charactoistic SS SS*dYSCS rmbt Min | Max [Unit | 
OFF CHARACTERISTICS 

[Cotlector-Emitter Breakdown Voltage lic = 100 mAde, Age = 10 ohms) | VoeRteusy | 100 | — [| va 
| Collector-Emitter Sustaining Voltage(1) (Ic = 30mAdcIp=0) | Vice O(sus) | 80 | = — |S 

| Collector-Base Breakdown Voltage (Ic = 100 uAdc, le = 0) ; | Werjcao | 120 =| = — | Vdc | 

Emitter-Base Breakdown Voltage (Iz = 100 wAdc, Ic = 0) | Vierepo | 7.0 | — | Vde | 


Collector Cutoff Current (VcB = 90 Vdc, IE = 0) ICBO 0.01 pAdc 
(VcB = 90 Vdc, IE = 0, Ta = 150°C) 15 . 


Emitter Cutoff Current _(VBE = 5.0 Vdc, Ic = 0) teso | = | oor | nade | 
(I¢ = 10 mAdc, VcE = 10 Vdc, Ta = —55°C) 


hFE 20 a 

35 — 

20 = 

(Ic = 150 mAdc, Vc = 10 Vdc) 120 


40 
Collector-Emitter Saturation Voltage (Ic = 50 mAdc, lp = 5.0 mAdc) VCE(sat) 1.2 Vde 
(Ic = 150 mAdc, Ip = 15 mAdc) 5.0 
Base-Emitter Saturation Voltage (Ic = 50 mAdc, ip = 5.0 mAdc) VBE(sat) 0.9 Vde 
(I¢ = 150 mAdc, Ip = 15 mAdc) 1.3 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product (Ic = 50 mAdc, Vcge = 10 Vde, f = 20 MHz) 


Output Capacitance (Vcp = 10 Vdc, IE = 0, 100 kHz < f < 1.0 MHz) hs, Cahe-.=| 
Input Capacitance (Vpe = 0.5 Vdc, Ic = 0, 100 kHz < f < 1.0 MHz) on -  e eae 


Input Impedance (ic = 1.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz) 
(Ic = 5.0 mAdc, Vcg = 10 Vde, f = 1.0 kHz) 


ON CHARACTERISTICS 


DC Current Gain(1) (I¢ = 0.1 mAdc, Vce = 10 Vdc) 


(l¢ = 10 mAdc, Vcge = 10 Vdc) 


Voltage Feedback Ratio (Ic = 1.0 mAdc, Vcpg = 5.0 Vde, f = 1.0 kHz) 
(I¢ = 5.0 mAdc, Veg = 10 Vde, f = 1.0 kHz) 


Small-Signal Current Gain (Ic = 1.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz) 
(I¢ = 5.0 mAdc, Veg = 10 Vde, f = 1.0 kHz) 


Output Admittance (Ic = 1.0 mAdc, Vcp = 5.0 Vdc, f = 1.0 kHz) 
(I¢ = 5.0 mAdc, Vcp = 10 Vde, f = 1.0 kHz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MAXIMUM RATINGS 


2N2102 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = .25°C 5.0 Watts 
Derate above 25°C 28.6 mW/°C 

Operating and Storage Junction Ty, Tstg ~65 to +200 °C 
Temperature Range 

THERMAL CHARACTERISTICS 


[| Characteristic | Symbol | Max | Unit 
| Thermal Resistance, Junction toCase_ | Rac | 35 | CW 
Refer to 2N3019 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Collector-Emitter Breakdown Voltage (lc = 100 mAdc, Rge < 10 ohms) | Vcer(sus) | 80 | — | — | Vdc | 
Collector-Emitter Sustaining Voltage(2) (I¢ = 100 mAdc, Ip = 0) | VcEo(susy | 85 | — | — | Vde | 
Collector-Emitter Breakdown Voltage (Ic = 100 wAdc, Veg = 1.5 Vde) | werycex | 120 | — | — | Vde | 
collector Base Breskdown Voltege ic = 100 uAdc,ip= 0) | ipryeao | vo | — | — | vdeo 


Emitter-Base Breakdown Voltage (l— = 100 wAdc, Ic = 0) V(BR)EBO | 70 | — | — | vac | 


Collector Cutoff Current (Vcp = 60 Vdc, IE = 0) ICBO 2.0 nAdc 
(VcB = 60 Vdc, Ie = 0, Ta = 150°C) 2.0 pAdc 


Emitter Cutoff Current (Vpe = 5.0 Vdc, Ic = 0) 
ON CHARACTERISTICS 


DC Current Gain (Ic = 0.1 mAdc, VcgE = 10 Vdc) 
= 10 mAdc, Vcg = 10 Vdc) 
10 mAdc, VceE = 10 Vde, Ta = -55°C) 
150 mAdc, Vcge = 10 Vdce)(2) 
C = 500 mAdc, VcE = 10 Vdc)(2) 
(Ic = 1.0 Adc, Vce = 10 Vdc)(2) 


AMPLIFIER TRANSISTOR 


NPN SILICON 


OFF CHARACTERISTICS 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product (ic = 50 mAdc, VcgE = 10 Vdc, 
f = 20 MHz) 


Output Capacitance (Vcp = 10 Vdc, IE = 0, f = 100 kHz) 
Input Capacitance (Vpe = 0.5 Vde, Ic = 0, f = 100 kHz) 


Input Impedance (Ic = 1.0 mAdc, VcgE = 5.0 Vde, f = 1.0 kHz) 
(I¢ = 5.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 


Voltage Feedback Ratio (Ic = 1.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz) 


(Ic = 5.0 mAdc, Vce = 10 Vde, f = 1.0 kHz) 
Small-Signal Current Gain (Ic = 1.0 mAdc, Vcf = 5.0 Vde, f = 1.0 kHz) 
(I¢ = 5.0 mAdc, Vcg = 10 Vde, f = 1.0 kHz) 
Output Admittance (Ic = 1.0 mAdc, Vce = 5.0 Vde, f = 1.0 kHz) 
(i¢ = 5.0 mAdc, Vcg = 10 Vde, f = 1.0 kHz) 
Noise Figure (Ic = 300 wAdc, VceE = 10 Vde, Rs = 1.0 k Ohm, 
= 1.0 kHz, Bandwidth = 1.0 Hz) 


SWITCHING CHARACTERISTICS 


[SwittingtTime —C™~—CsSCSCSCSCSCi | — | — | 2 [ os | 


(1) ReJA is measured with the device soldered into a typical printed circuit board. (2) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 
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2N2193A 


CASE 79, STYLE 1 


MAXIMUM RATINGS TO-39 (TO-205AD) 


Rating 


Collector-Emitter Voltage VCEO | = 60—s| Vide 
Collector-Base Voltage VCBO } 80s de 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Total Device Dissipation 
@ 100°C Case 
Derate above 100°C 


GENERAL PURPOSE TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage(1) 
(I¢ = 25 mA, Ip = 0) 
Collector-Base Breakdown Voltage 
(Ic = 100 wAdc, IE = 0) 
Emitter-Base Breakdown Voltage 
(IE = 100 »Adc, Ic = 0) 
Collector Cutoff Current 
(VcB = 60 Vdc, IE = 0) 
(VcB = 60 Vdc, Ie = 0, Ta = 150°C) 


ON CHARACTERISTICS 


DC Current Gain(1) 
(ic = 0.1 mAdc, VcE = 10 Vdc) 
(I¢ = 10 mAdc, Veg = 10 Vdc) 
(ic = 10 mAdc, VcgE = 10 Vdc, Ta = —55°C) 
(I¢ = 150 mAdc, Vcg = 10 Vdc)(1) 

(I¢ = 150 mAdc, Vcg = 1.0 Vdc)(1) 

(I¢ = 500 mAdc, Vcge = 10 Vdc)(1) 

(i¢ = 1.0 Adc, Vcge = 10 Vdc)(1) 


15 — 
Collector-Emitter Saturation Voltage VCE(sat) 0.25 Vde 
(I¢ = 150 mAdc, Ip = 15 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) 1.3 - Mde 
(Ic = 150 mAdc, Ip = 15 mAdc) . 
SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(VcB = 10 Vdc, IE = 0, f = 1.0 MHz) 


Small-Signal Current Gain 
(I¢ = 50 mA, Vce = 10 V, f = 20 MHz) 


SWITCHING CHARACTERISTICS 
fete a 
(Gee ee ee 
ile 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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2N2218,A/2N2219,A 
2N2221,A/2N2222,A 
2N5581/82 


JAN, JTX, JTXV AVAILABLE 


2N2218,A 
2N2219,A 

CASE 79-02 
TO-39 (TO-205AD) STYLE 1 


2N2221,A 

2N2222,A 
CASE 22-03 ; 

TO-18 (TO-206AA) STYLE 1 


2N5581 
2N5582 
CASE 26-03 
TO-46 (TO-206AB) STYLE 1 


_ GENERAL PURPOSE TRANSISTOR 
NPN SILICON 


2N2218A 


MAXIMUM RATINGS 
2N2219A 
2N2221 | 2N2221A | 2N5581 


seals! Symbol | 2N2222 | 2N2222A | 2N5582 


[Collector-émitterVottege | Vceo | 30 | 40_|40_| Va | 
[Collector-Base Voltage | Vepo | 60 | 75 | 75 | Vo 
[Emitter-Base Voltage | Vepo | 50 | 60 | 60 | Vdc 


2N2218,A 2N5581 | 
2N2219,A 2N5582 | ~ 
Total Device Dissipation , 
0.8 0.4 
4.57 2.28 
@ Tc = 25°C Watts 


@ Ta = 25°C 
Derate above 25°C 
3.0 1.2 0 
Derate above 25°C 17.1 6.85 11.43 | mW/°C 
Operating and Storage Junction | Ty, Tstg —65 to +200 °C 
Temperature Range . 


2N2218 
2N2219 


Watt 
mWw/°C 


Total Device Dissipation 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I¢ = 10 mAdc, Ip = 0) 


Collector-Base Breakdown Voltage 
(Ic = 10 wAdc, Ie = 0) 


Emitter-Base Breakdown Voltage 
(IE = 10 wAdc, Ic = 0) 


Collector Cutoff Current 

(VcE = 60 Vdc, VeBioff) = 3.0 Vdc) 
Collector Cutoff Current 

(Vcp = 50 Vdc, Ig = 0) 

(VcB = 60 Vdc, IE = 0) 

(VcB = 50 Vdc, Ie = 0, Ta = 150°C) 

(VcB = 60 Vdc, IE = 0, Ta = 150°C) 
Emitter Cutoff Current 

(VeB = 3.0 Vdc, Ic = 0). 
Base Cutoff Current ~ 

(VcE = 60 Vdc, VEB(off) = 3.0 Vdc) 
ON CHARACTERISTICS 


DC Current Gain 


(I¢ = 0.1 mAdc, Vce = 10 Vdc) 


(I¢ = 1.0 mAdc, VcE = 10 Vdc) 


(I¢ = 10 mAdc, VcgE -= 10 Vdc) 


(I¢ = 10 mAdc, VcE = 10 Vdc, Ta = —55°C) 


(I¢ = 150 mAdc, Vce = 10 Vdc)(1) 


V(BR)CEO 
Non-A Suffix 
A-Suffix, 2N5581, 2N5582 


V(BR)CBO 


Non-A Suffix 
A-Suffix, 2N5581, 2N5582 


Non-A Suffix 
A-Suffix, 2N5581, 2N5582 


A-Suffix, 2N5581, 2N5582 


Non-A Suffix 
A-Suffix, 2N5581, 2N5582 
Non-A Suffix 
A-Suffix, 2N5581, 2N5582 


A-Suffix, 2N5581, 2N5582 


2N2218,A, 2N2221,A, 2N5581(1) 
2N2219,A, 2N2222,A, 2N5582(1) 


2N2218,A, 2N2221,A, 2N5581 
2N2219,A, 2N2222,A, 2N5582 


2N2218,A, 2N2221,A, 2N5581(1) 
2N2219,A, 2N2222,A, 2N5582(1) 


2N2218A, 2N2221A, 2N5581 
2N2219A, 2N2222A, 2N5582 


2N2218,A, 2N2221,A, 2N5581 
2N2219,A, 2N2222,A, 2N5582 


MOTOROLA SEMICONDUCTORS 


SMALL-SIGNAL DEVICES 


4-30 


2N2218/19/21/22, A SERIES, 2N5581/82 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


VCE(sat) 
VBE(sat) 


Characteristic 


(I¢ = 150 mAdc, VcE = 1.0 Vde)(1) 


(I¢ = 500 mAdc, Vcg = 10 Vde)(1) 


Collector-Emitter Saturation Voltage(1) 
(I¢ = 150 mAdc, Ip = 15 mAdc) 


(I¢ = 500 mAdc, Ig = 50 mAdc) 


Base-Emitter Saturation Voltage(1) 
(Ic = 150 mAdc, lg = 15 mAdc) 


(I¢ = 500 mAdc, Ip = 50 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(Ic = 20 mAdc, VcE = 20 Vdc, f = 100 MHz) 


Output Capacitance(3) 
(VcB = 10 Vdc, le = 0, f = 100 kHz) 


Input Capacitance(3) 
(Veg = 0.5 Vdc, Ic = 0, f = 100 kHz) 


Input Impedance 
(i¢ = 1.0 mAdc, VcgE = 10 Vde, f = 1.0 kHz) 


(Ic = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 


Voltage Feedback Ratio 
(I¢ = 1.0 mAdc, Vcg£ = 10 Vdc, f = 1.0 kHz) 


(Ic = 10 mAdc, Voce = 10 Vdc, f = 1.0 kHz) 


Small-Signal Current Gain 
(I¢ = 1.0 mAdc, Vcge = 10 Vdc, f = 1.0 kHz) 


(Ic = 10 mAdc, Vcge = 10 Vde, f = 1.0 kHz) 


Output Admittance 
(I¢ = 1.0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 


(I¢ = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 


Collector Base Time Constant 
(IE = 20 mAdc, Vcg = 20 Vdc, f = 31.8 MHz) 


Noise Figure 
(Ic = 100 wAdc, VCE = 10 Vdc, 
Rs = 1.0 kohm, f =. 1.0 kHz) 


Real Part of Common-Emitter 
High Frequency Input Impedance 
(I¢ = 20 mAdc, Vcg = 20 Vdc, f = 300 MHz) 


2N2218,A, 2N2221,A, 2N5581 
2N2219,A, 2N2222,A, 2N5582 


2N2218, 2N2221 
2N2219, 2N2222 


2N2218A, 2N2221A, 2N5581 
2N2219A, 2N2222A, 2N5582 


Non-A Suffix 
A-Suffix, 2N5581, 2N5582 


Non-A Suffix 
A-Suffix, 2N5581, 2N5582 


Non-A Suffix 
A-Suffix, 2N5581, 2N5582 


Non-A Suffix 
A-Suffix, 2N5581, 2N5582 


All Types, Except 
2N2219A, 2N2222A, 2N5582 


Non-A Suffix 
A-Suffix, 2N5581, 2N5582 


2N2218A, 2N2221A 
2N2219A, 2N2222A 


2N2218A, 2N2221A 
2N2219A, 2N2222A 


2N2218A, 2N2221A 
2N2219A, 2N2222A 


2N2218A, 2N2221A 
2N2219A, 2N2222A 


2N2218A, 2N2221A 
2N2219A, 2N2222A 


2N2218A, 2N2221A 
2N2219A, 2N2222A 


2N2218A, 2N2221A 
2N2219A, 2N2222A 


2N2218A, 2N2221A 
2N2219A, 2N2222A 


A-Suffix 


2N2219A, 2N2222A 


2N2218A, 2N2219A 
2N2221A, 2N2222A 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
(2) ft is defined as the frequency at which |hf¢| extrapolates to unity. 
(3) 2N5581 and 2N5582 are Listed Cop and Cep for these conditions and values. 
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2N2218,A/2N2219,A/2N2221,A/2N2222,A/2N5581/82 


ELECTRICAL CHARACTERISTICS ou {Ta = 25°C unless otherwise noted.) 


SWITCHING CHARACTERISTICS 


al Time (Vcc = 30 Vdc, VBE(off) = 0.5 Vdc, 
Ic = 150 mAdc, Ip1 = 15 mAdc) 
(Figure 14) 


(Vcc = 30 Vdc, Ic = 150 mAdc, 


Ip1 = Ip2 = 15 mAdc) 
Fall Time (Figure15) 


Active Region Time Constant 
(I¢ = 150 mAdc, VcE = 30 Vdc) (See Figure 14 for 2N2218A, 2N2219A, 
2N2221A, 2N2222A) 


FIGURE 1 — NORMALIZED DC CURRENT GAIN 
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Ic, COLLECTOR CURRENT (mA) 


FIGURE 2 — COLLECTOR CHARACTERISTICS !IN SATURATION REGION 


This graph shows the effect of base current on collector current. Bo 
(current gain at the edge of saturation) is the current gain of the 
transistor at 1 volt, and 8; (forced gain) is the ratio of lc/Is. in a circuit. 


EXAMPLE: For type 2N2219, estimate a base current (I,,) to insure 
saturation at a temperature of 25°C and a collector current of 
150 mA. 

Observe that at |. = 150 mA an overdrive factor of at least 2.5 
is required to drive the transistor well into the saturation region. From 
Figure 1, it is seen that h,z @ 1 volt is approximately 0.62 of he @ 10 
volts. Using the guaranteed minimum gain of 100 @ 150 mA and 
10 V, B. = 62 and substituting values in the overdrive equation, 
we find: 
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2N2218,A/2N2219,A/2N2221,A/2N2222, A/2N5581/82 


V, VOLTAGE (VOLTS) 


hee, CURRENT GAIN 
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FIGURE 3 — “ON” VOLTAGES 
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FIGURE 4 — TEMPERATURE COEFFICIENTS 
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h PARAMETERS 
VcE = 10 Vde, f = 1.0 kHz, Ta = 25°C 


This group of graphs illustrates the relationship between hfe and other “‘h’’ parameters 
for this series of transistors. To obtain these curves, a high-gain and a low-gain unit were 
selected and the same units were used to develop the correspondingly numbered curves 


on each graph. 


FIGURE 5 — INPUT IMPEDANCE 
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FIGURE 7 — CURRENT GAIN 
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hoe, OUTPUT ADMITTANCE (umhos) 


he, VOLTAGE FEEDBACK RATIO (X 10—4) 


FIGURE 6 — VOLTAGE FEEDBACK RATIO 
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FIGURE 8 — OUTPUT ADMITTANCE 
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2N2218,A/2N2219,A/2N2221 ,A/2N2222,A/2N5581/82 
SWITCHING TIME CHARACTERISTICS 
FIGURE 9 — TURN-ON TIME | FIGURE 10 — CHARGE DATA 
Leet | 
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2N2218,A/2N2219,A/2N2221,A/2N2222, A/2N5581/82 


FIGURE 12 — DELAY AND RISE TIME FIGURE 13 — STORAGE TIME AND FALL 
EQUIVALENT TEST CIRCUIT TIME EQUIVALENT TEST CIRCUIT 
GENERATOR RISE TIME < 2.0 ns DUTY CYCLE = 2.0% +30 V 
PW < 200 ns +30 V 
DUTY CYCLE = 2.0% 


0.5 V 


OSCILLOSCOPE SCOPE 
= Rin > 100k ohms Rin > 100 k ohms 
Cin < 12 pF 


: ae Cin < 12 pF 
RISE TIME < 5.0 ns ~ 500 us 


RISE TIME < 5.0 ns 
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i me Ee Be OR 


2N2270 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C | 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


AMPLIFIER TRANSISTOR 
NPN SILICON THERMAL CHARACTERISTICS 


Symbol | Max | Unit_| 
Thermal Resistance, Junction to Case Rg@Jc 
Thermal Resistance, Junction to Ambient ReJA(1) 


Refer to 2N3019 for graphs. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 
| Collector-Emitter Breakdown Voltage(2) (Ic = 100 mAdc, Rge < 10 Ohms) V(BR)CER | 6 | — | — | vac | 
d 
Collector-Base Breakdown Voltage (Ic = 0.05 Adc, Ig = 0) vierjcpo | 60) —6| h6C— | CO (Ve 
Emitter-Base Breakdown Voltage (Ip = 0.1 mAdc, Ic = 0) V(BR)EBO | hO | eere— |. aes ol Men 
(VcB = 60 Vdc, IE = 0, Tc = 150°C) 
Emitter Cutoff Current (Vpe = 5.0 Vdc, Ic = 0) 
ON CHARACTERISTICS 
DC Current Gain NFE 
90 — 
(i¢ = 150 mAdc, VcE = 10 Vdc) 135 200 
Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(i¢ = 150 mAdc, Ip = 15 mAdc) . 
SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 
Output Capacitance 
(VcB = 10 Vdc, Ip = 0, f = 100 kHz) 
(VBE = 0.5 Vdc, Ic = 0, f = 100 kHz) 
Small-Signal Current Gain 


Collector-Emitter Sustaining Voltage(2) (lc = 100 mAdc, Ip = 0) VCEO(sus) | 4 df Uv — [| — | vdeo | 
Collector Cutoff Current (Vcp = 60 Vdc, IE = 0, Tc = 25°C) ICBO Paar ae 
100 . 
(I¢ = 1.0 mAdc, VcgE = 10 Vdc) 
Base-Emitter Saturation Voltage ; VBE(sat) | 0.88 1.2 Vdc 
(Ic = 150 mAdc, Ip = 15 mAdc) 
(I¢ = 50 mAdc, VcgE = 10 Vde, f = 20 MHz) 
Input Capacitance 
(I¢ = 5.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 


Noise Figure 
(I¢ = 0.3 mAdc, VcE = 10 Vdc, Rg = 1.0 k Ohm, 
f = 1.0 kHz, B.W. = 1.0 Hz) 


SWITCHING CHARACTERISTICS 


Total Switching Time : | ton+ tor | — | — | 30 [ ns | 


(1) RejA is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 
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MAXIMUM RATINGS 


Collector-Emitter Voltage 


2N2297 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


Collector-Base Voltage 


Emitter-Base Voltage 
Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS AMPLIFIER TRANSISTOR 
[__Characteraic ————~«d; “Symbol |__ Max ‘| Une 
“cw 

00 


Lead Temperature, 1/16” from Case TL 3 °C 
for 10 seconds 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Po Characteristic | Symbot | Min, | typ | Max | Unit _| 


NPN SILICON 


Refer to 2N3019 for graphs. 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage(2) VCEO(sus) 35 Vdc 
(I¢ = 30 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vde 
(I¢ = 100 wAdc, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 7.0 Vdc 
(l—E = 100 wAdc, ic = 0) 
Collector Cutoff Current 


(VcB = 60 Vdc, Ig = 0) 
(VcB = 60 Vdc, Ie = 0, Ta = +150°C) 


Emitter Cutoff Current nAdc 
(VERB = 5.0 Vdc, Ic = 0) 


ON CHARACTERISTICS(2) 


DC Current Gain 
(Ic = 10 mAdc, Vee = 10 Vdc) 

(Ic = 150 mAdc, VcE = 10 Vdc) 
(I¢ = 1.0 Adc, Vcg = 10 Vdc) 


Collector-Emitter Saturation Voltage 
(I¢ = 150 mAdc, IB = 15 mAdc) 


VCE(sat) Vde 
0.2 
(I¢ = 1.0 Adc, Ip = 100 mAdc) 1.0 
Base-Emitter Saturation Voltage VBE(sat) Vde 
(I¢ = 1.0 Adc, IR = 100 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product fT 
(i¢ = 50 mAdc, VcgE = 10 Vdc, f = 20 MHz) 
Output Capacitance Cobo 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 
Input Capacitance Cibo pF 
(Veg = 0.5 Vde, Ic = 0, f = 100 kHz) 


Collector Base Time Constant rb’C. 800 
(Ic = 10 mAdc, Vcg = 10 Vde, f = 4.0 MHz) 


(1) RgjA is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width < 300 us, Duty Cycle = 2.0%. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


4-37 


MAXIMUM RATINGS 


2N2368 
2N2369,A 
2N3227 


Collector-Emitter Voltage 


2N2368,9,A 
2N3227 


Collector-Emitter Voltage 
Collector-Base Voltage 


Emitter-Base Voltage 


2N2369A JAN, JTX, 
| JTXV AVAILABLE 
| CASE 22, STYLE 1 
TO-18 (TO-206AA) 


2N2368,9,A 
2N3227 


Collector Current — Continuous 
2N2369A, 
2N3227 


Total Device Dissipation 
@ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation 

@ Tc = 25°C 

Derate above 25°C 2N3227 
Total Device Dissipation 

@ Tc = 100°C 

Derate above 100°C 


SWITCHING TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) | 


Characteristic Symbol | Min | Max | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 20 Vdc 
(I¢ = 10 mAdc, VgE = 0) 2N3227 
Collector-Emitter Breakdown Voltage V(BR)CES Vde 
| (I¢ = 10 wA, VBE = 0) 
| Collector-Emitter Sustaining Voltage(1) VCEO(sus) Vde 
(I¢ = 10 mAdc, ig = 0) 2N2368, 2N2369, 2N2369A 
Collector-Base Breakdown Voltage V(BR)CBO > Vde 
(Ic = 10 pA, IB = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 10 wAdc, IE = 0) 2N2368, 2N2369, 2N2369A 
2N3227_ 


Collector Cutoff Current 
(VcE = 20 Vdc, Vee = 3.0 Vdc) 2N3227 


| Collector Cutoff Current 
(VcB = 20 Vdc, IE = 0) 2N2368, 2N2369 
2N3227 


(VoB = 20 Vde, Ig = 0, Ta = 150°C) 2N2368, 2N2369, 2N2369A 
2N3227 


Collector Cutoff Current 
(VCE = 20 Vdc, Vee = 0) 2N2369A 


Base Current 
(VcE = 20 Vdc, Vee = 0) 2N2369A 


ON CHARACTERISTICS 


DC Current Gain(1) 
(i¢ = 10 mAdc, VcE 2N2368 
. 2N2369 
2N2369A 
2N3227 


(I¢ = 10 mAdc, VcE = 1.0 Vde, Ta = -55°C) = 2N2368 
2N2369 
2N3227 


(Ic = 10 mAdc, VcE = 0.35 Vde, Ta = —55°C)  2N2369A 
(Ic. = 30 mAdc, VcgE = 0.4 Vdc) 2N2369A 
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worn ae Bite te ton PB at st Eee ae Se TRE RY 


2N2368, 2N2369,A, 2N3227 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


(ic = 100 mAdc, Vcg = 1.0 Vdc) 2N2369A 20 
2N3227 30 
(ic = 100 mAdc, Veg = 2.0 Vde) 2N2368 10 
2N2369 20 


Collector-Emitter Saturation Voltage(1) 
(Ic = 10 mAdc, Ip = 1.0 mAdc) 2N2368, 2N2369, 2N3227 
2N2369A 


(Ic = 10 mAdc, Ip 
(Ic = 30 mAdc, Ip 


= 1.0 mAdc, Ta = +125°C) 2N2369A 
= 3.0 mAdc) 2N2369A 
(ic = 100 mAdc, Ig = 10 mAdc) 2N2369A 
2N3227 


VCE(sat) 


VBE(sat) 


Base-Emitter Saturation Voltage(1) 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) All Types 
(i¢ = 10 mAdc, Ip = 1.0 mAdc, Ta = +125°C) 2N2369A 
(i¢ = 10 mAdce, Ig = 1.0 mAdc, Ta = —55°C) — 2N2369A 
(Ic = 30 mAdc, Ig = 3.0 mAdc) 2N2369A 


(i¢ = 100 mAdc, Ip = 10 mAdc) 2N2369A 
2N3227 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 10 mAdc, VcgE = 10 Vdc, f = 100 MHz) 2N2368 
2N2369, 2N2369A, 2N3227 


Output Capacitance Cobo 
(VcB = 5.0 Vdc, l- = 0, f = 140 kHz) All Types 

Input Capacitance Cibo pF 
(VBE = 1.0 Vdc, Ic = 0, f = 140 kHz) 2N3227 


SWITCHING CHARACTERISTICS 


Storage Time 
(Ic = lpi = 10 mAdc, Ip2 = — 10 mAdc) 
(i¢ = 100 mAdc, igi = Ip2 = 10 mAdc, Vcc = 10 V) 


2N3227 
Fall Time 
(Vcc = 10 V, Ic = 100 mA, IB1 = Ip2 = 10 mA) 2N3227 
Turn-On Time 
(i¢ = 10 mAdc, lpi = 3.0 mA, Ipg = —1.5 mA, Vcc = 3.0 Vde) All Types 


Turn-Off Time 
(I¢ = 10 mAdc, Ip1 = 3.0 mA, Ipg = —1.5 mA, Vcc = 3.0 Vde) 2N2368 
2N2369, 
2N2369A, 
2N3227 


Total Control Charge 
(Ic = 10 mA, lp = 1.0 mA, Vcc = 3.0 V) 2N3227 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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SWITCHING TIME EQUIVALENT TEST CIRCUITS FOR 2N2369, 2N3227 


| FIGURE 1 —t,,, CIRCUIT — 10 mA FIGURE 3 — t.., CIRCUIT — 10 mA 


3V 
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| PULSE WIDTH (t:) = 300 ns PULSE WIDTH (t:) = 300 ns a 
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Pca 2 —t,, CIRCUIT — 100 mA FIGURE 4 — t,,, CIRCUIT — 100 mA 
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PULSE WIDTH (t:) = 300 ns 
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10V 950 


PULSE WIDTH (t:) BETWEEN 10 AND 500 us 
DUTY CYCLE = 2% £ = 


* Total shunt capacitance of test jig and connectors. 


FIGURE 5 — TURN-ON AND TURN-OFF TIME 
TEST CIRCUIT 


TURN-ON WAVEFORMS 


220Q 0.1 uF 
TO OSCILLOSCOPE 
INPUT IMPEDANCE = 50Q 
RISE TIME = 1 ns 


TURN-OFF WAVEFORMS 


PULSE GENERATOR 
Vi, RISE TIME < 1 ns 
1 SOURCE IMPEDANCE = 50Q 
| PW == 300 ns 
DUTY CYCLE < 2% 


90% 


Veg = +12V 
toe >| Vi, = —15V 


FIGURE 6 — JUNCTION CAPACITANCE VARIATIONS FIGURE 7 — TYPICAL SWITCHING TIMES 
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2N2368, 2N2369,A, 2N3227 


FIGURE 8 — MAXIMUM CHARGE DATA 


Q,, Br = 
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CER i FIGURE 9 — ea TEST CIRCUIT 
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FIGURE 10 — TURN-OFF WAVE FORM FIGURE 11 — STORAGE TIME EQUIVALENT TEST CIRCUIT 
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PULSE WIDTH (t:) = 300 nsec 
DUTY CYCLE = 2% 


FIGURE 12 — MAXIMUM COLLECTOR SATURATION VOLTAGE CHARACTERISTICS 
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2N2368, 2N2369,A, 2N3227 


FIGURE 13 — MINIMUM CURRENT GAIN CHARACTERISTICS 
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FIGURE 14 — SATURATION VOLTAGE LIMITS FIGURE 15 — TYPICAL TEMPERATURE COEFFICIENTS 


(—55°C TO +25°C) 
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2N2481 


JAN, JTX AVAILABLE 
CASE 22, STYLE 1 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 


Rating Value 


Emitter-Base Voltage 

Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 

Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


SWITCHING TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Pp Characteristic Symbol | Min | Max [Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(I¢ = 30 mAdc, Ip = 0) 
Collector-Emitter Breakdown Voltage V(BR)CES 30 Vde 
(I¢ = 1.0 pAdc, Vee = 0) 
Collector-Base Breakdown Voltage V(BR)CBO 40 Vde 
(i¢ = 10 pAdc, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 100 wAdc, Ic = 0) 
Collector Cutoff Current 


(VcE = 20 Vdc, VBE = 3.0 Vdc) 
(VcE = 20 Vdc, VBE = 3.0 Vdc, Ta = 150°C) 


Emitter Cutoff Current 
(VER = 4.0 Vdc, Ic = 0) 
Base Cutoff Current IBL io 


(VcE = 20 Vdc, VpE = 3.0 Vdc) 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 1.0 mAdc, VcE = 1.0 Vdc) 


(Ic = 10 mAdec, Vee = 1.0 Vdc) 

(I¢ = 10 mAdc, Vce = 1.0 Vde, Ta = —55°C)(1) 

(I¢ = 150 mAdc, VcgE = 1.0 Vde)(1) 
Collector-Emitter Saturation Voltage 

(I¢ = 10 mAdc, Ip = 1.0 mAdc) 

(I¢ = 100 mAdc, Ip = 10 mAdc)(1) 
Base-Emitter Saturation Voltage 

(Ic = 10 mAde, Ip = 1.0 mAdc) 

(I¢ = 100 mAdc, Ip = 10 mAdc)(1) 


SMALL-SIGNAL CHARACTERISTICS 


Input Capacitance 
(Vegp = 0.5 V, f = 1.0 MHz) 


Small-Signal Current Gain 
(VcE = 10 V, Ic = 10 mA, f = 100 MHz) 


Real Part of Input Impedance 
(Ic = 10 mA, VcgE = 10 V, f = 250 MHz) 
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2N2481 


ELECTRICAL CHARACTERISTICS com (Ta = 25°C unless otherwise noted.) 


Symbol | Min | Max | Unit _| 


SWITCHING CHARACTERISTICS 


Storage Time 
(I¢ = 10 mA, lp1 = 10 mA, IB2 = 10 mA) 


Turn-On Time . 
(I¢ = 100 mA, Ig1 = 10 mA, VBE(off) = 2.0 V) 


(I¢ = 10 mA, lBq = 1.0 mA, VBE\(off) = 2-0 V) 


Turn-Off Time 
(I¢ = 100 mA, Igp1 = 10 mA, Ip2 = 5.0 mA) 
(i¢ = 10 mA, lpi = 1.0 mA, IB2 = 0.5 mA) 


Vee, MAXIMUM COLLECTOR-EMITTER VOLTAGE (Vdc) 


hee, MINIMUM CURRENT GAIN 


(1) Pulse Width < 300 us, Duty Cycle < 2.0%. 


COLLECTOR SATURATION VOLTAGE CHARACTERISTICS 
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2N2481 


LIMITS OF SATURATION VOLTAGES TYPICAL TEMPERATURE COEFFICIENTS 


(25°C to 125°C) 


aw OE 


sami _ zai 
ah 


(—55°C to 25°C) 


Visat), SATURATION VOLTAGE (Vdc) 


Oy, TEMPERATURE COEFFICIENT (MVdc/ °C) 
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TYPICAL SWITCHING CHARACTERISTICS 
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2N2481 


CAPACITANCE ( pF) 


JUNCTION CAPACITANCE VARIATIONS 


= a eens 
mela ieee 
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REVERSE BIAS (Vdc) 
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MAXIMUM CHARGE DATA 


1000 GATES GENE OMNIS CECE GEN OSE AD A GAN Ce HAS RN GPL 


2.0 3.0 


trace PE 


° poe Epp SRP: ae og 
Epes “ind 


aT 


300 = 
is amATiIle=~a0ill!/4n 


Ca 
iicgee aes 


5.0 7.0 10 20 30 50 70 100 200 
Ic, COLLECTOR CURRENT (mA) 


SMALL-SIGNAL DEVICES: 


MAXIMUM RATINGS 


2N2484 


JAN, JTX, JTXV AVAILABLE 
CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


. . 


Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 


Symbol 
Thermal Resistance, Junction to Case Rec 
Thermal Resistance, Junction to Ambient ReJA(1) 


Lead Temperature TL 
1/16” from Case for 10 Seconds 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) Reet to SSE UICe Steen? 


| Characteristic | Symbot_ | min | typ | Max | Unit 


OFF CHARACTERISTICS 
Collector-Base Breakdown Voltage (Ic = 10 Adc, Ip = 0) 
Emitter-Base Breakdown Voltage (Iz = 10 uAdc, Ic = 0) 


Collector Cutoff Current (Vcp = 45 Vdc, Ig = 0) ICBO 
(Vcp = 45 Vde, Ip = 0, Ta = 150°C) 


Emitter Cutoff Current (Vpge = 5.0 Vdc, Ic = 0) | IEBO 
hFE 


AMPLIFIER TRANSISTOR 


NPN SILICON 


ON CHARACTERISTICS 


DC Current Gain (I¢ = 1.0 wAdc, Vce = 5.0 Vdc) 
(I¢ = 10 wAdc, Vcg = 5.0 Vdc) 
(I¢ = 10 Adc, VcgE = 5.0 Vde, Ta = 55°C) 
(i¢ = 100 pAdc, Vcg = 5.0 Vdc) 
= 500 Adc, Vce = 5.0 Vdc) 
= 1.0 mAdc, Vcg = 5.0 Vdc) 
(I¢ = 10 mAdc, VcgE = 5.0 Vde)(1) 


Collector-Emitter Saturation Voltage (I¢ = 1.0 mAdc, IRB = 0.1 mAdc) VCE(sat) | — | 025 | 035 | Vde 
Base-Emitter On Voltage (Ic = 0.1 mAdc, Vcg = 5.0 Vdc) VBE(on) | 05 | 065 | 07 | Vde | 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product (l¢ = 0.05 mAdc, Vcg = 5.0 Vdc, f = 
5.0 MHz) 
(Ic = 0.5 mAdc, VcE = 5.0 Vde, f = 30 
MHz) 


Output Capacitance (Vcp = 5.0 Vdc, Ig = 0, f = 140 kHz) 


Input Capacitance (Ve = 0.5 Vdc, Ic = 0, f = 140 kHz) ee ee eee | opr | 
input Impedance (Ic = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) | hie =| 35 [| — [| 2 | ko | 
Voltage Feedback Ratio (Ic = 1.0 mAdc, VcE = 5.0 Vde, f = 1.0 kHz) a ee ee ee 


Small-Signal Current Gain (I¢ = 1.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz 


Output Admittance (Ic = 1.0 mAdc, Vcg = 5.0 Vde, f = 1.0 kHz) 


Noise Figure (Ic = 10 wAdc, Vcg = 5.0 Vde, Rg = 10 kQ, 
f = 100 Hz, BW = 20 Hz) 
(Ic = 10 wAdc, Veg = 5.0 Vdc, Rg = 10 kO, 
f = 1.0 kHz, BW = 200 Hz) 
(Ic = 10 wAdc, VcE = 5.0 Vde, Rg = 10 kQ, 
f = 10 kHz, BW = 2.0 kHz) 
(ic = 10 wAdc, Veg = 5.0 Vde, Rg = 10 kO, 
f = 10 Hz to 15.7 kHz, BW = 15.7 kHz) 


(1) RaJA is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width < 300 us, Duty Cycle = 2.0%. 
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2N2501 


CASE 22, STYLE 1 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 


Symbol 
Collector-Emitter Voltage VCEO 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


ead 1 
Total Device Dissipation @ Tc = 25°C 1.2 Watts 
Derate above 25°C 6.9 mWw/°C 
Operating and Storage Junction TJ, Tstg | —65 to +200 i & 
Temperature Range 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Collector-Emitter Breakdown Voltage 


V(BR)CEO 20 Vde 

(I¢ = 30 mAdc, |p = 0, Pulsed) 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 10 pAde, Ip = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 10 pAdc, Ic = 0) 

Collector Cutoff Current ICEX nAdc 
(VcE = 20 Vdc, Veg = 3.0 Vdc) 

Base Cutoff Current IBL nAdc 

0.025 
50 


SWITCHING TRANSISTOR 


NPN SILICON 


OFF CHARACTERISTICS 


(VcE = 20 Vdc, Vege = 3.0 Vdc) 
(VcE = 20 Vdc, Veg = 3.0 Vdc, Ta 


ON CHARACTERISTICS 


DC Current Gain 

(I¢ = 100 pAdc, VcE = 1.0 Vdc) 
(Ic = 1.0 mAdc, Vege = 1.0 Vdc) 
(Ic = 10 mAdc, VcE = 1.0 Vdc) 
(I¢ = 10 mAdc, VcE = 1.0 Vdc, Ta 
(ic = 50 mAdc, Vce = 1.0 Vdc) 
(I¢ = 100 mAdc, VcE = 1.0 Vdc) 
(I¢ = 500 mAdc, VcgE = 5.0 Vdc) 


Collector-Emitter Saturation Voltage(1) VCE(sat) 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 
(Ic = 50 mAdc, Ip = 5.0 mAdc) 
(I¢ = 100 mAdc, Ig = 10 mAdc) 


Base-Emitter Saturation Voltage VBE(sat) 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) . 
= 5.0 mAdc) 


150°C) 


(Ic = 50 mAdc, Ip 
(Ic = 100 mAdc, Ip = 10 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(VcE = 20 Vdc, Ic = 10 mAdc, f = 100 MHz) 


Output Capacitance 

(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 
Input Capacitance 

(Veg = 0.5 Vdc, Ic = 0, f = 100 kHz) 


Small-Signal Current Gain 
(VcE = 20 Vdc, Ic = 10 mAdc, f = 100 MHz) 
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2N2501 


ELECTRICAL CHARACTERISTICS omnes) (Ta = 25°C unless otherwise noted.) 


on ee a Aes 


SWITCHING CHARACTERISTICS 


Charge Storage Time Constant 
(Ic = lpi = Ip2 = 10 mAdc) 


Total Control! Charge 
(i¢ = 10 mAdc, Ig = 1.0 mAdc) 


Active Region Time Constant 
(I¢ = 10 mAdc) 


(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 


COLLECTOR-EMITTER SATURATION VOLTAGES versus BASE CURRENT 


| Io /l, = 10 
ys = 25°C 


SHEE SEE 
Ph 
voerH | tt | 
ee 
0 100 


0.7 


0.6 


T 


val 


0.3 


Vee, COLLECTOR VOLTAGE (VOLTS) 


0.2 


0.1 


0.01 


I,, BASE CURRENT (mAdc) 


BASE-EMITTER VOLTAGE 
versus COLLECTOR CURRENT TEMPERATURE COEFFICIENTS 


1.0 


Tl 
esc to 100°C) es 


Vee lll sad cca irr sot 


0.5. 


Vee, BASE-EMITTER VOLTAGE (VOLTS) 


TEMPERATURE CO-EFFICIENT (m V/°C) 


Ic, COLLECTOR CURRENT (mAdc) Ic, COLLECTOR CURRENT (mAdc) 
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2N2501 


_ COMMON EMITTER DC 
ACTIVE REGION TIME CONSTANT LEAKAGE CHARACTERISTICS 


aaa =+20V ty} | 
T, = 150°C -—}— 
‘ie LT. ee | 
\ 
a a waa 


PT NIN TTT ram Vz, THRESHOLD VOLTAGE «| 


dd 
Oo 


> 
So 


In, BASE LEAKAGE CURRENT (Adc) 
r=) 
oi 


T, ACTIVE REGION TIME CONSTANT (ns) 


“CONTI, a Saneenn 
2.0 g i -_ - 0.01 Ty = 25°C 
pS ee 
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R, RISE TIME FACTOR (NORMALIZED t,/ 7, 8,) 
F, FALL TIME FACTOR (NORMALIZED t,/ 7, 8) 
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2N2539 


CASE 22, STYLE 1 
TO-18 


MAXIMUM RATINGS 


SWITCHING TRANSISTOR 


NPN SILICON 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Ic = 100 mAdc, pulsed, Ip = 0) 
Collector-Emitter Breakdown Voltage (Ic = 100 mAdc, pulsed, Rpg < 10 2) 


Collector Cutoff Current (Vcp = 40 Vdc, Ig = 0) ICBO 0.250 pAdc 
(VcB = 40 Vdc, IE = 0, Ta = 150°C) 200 


Emitter Cutoff Current (VepR = 3.0 Vdc, Ic = 0) 


20 Vdc) 
20 Vdc, Ta = 150°C) 


Base Cutoff Current (VBE 
(VBE 
ON CHARACTERISTICS(1) 


DC Forward Current Gain (Ic = 1.0 mAdc, VcgE = 10 Vdc) 2N2539 
(I¢ = 10 mAdc, Veg = 10 Vdc) 2N2539 
(Ic = 150 mAdc, VcE = 10 Vde)(1) 2N2539 
(I¢ = 500 mAdc, Vcge = 10 Vdc)(1) 2N2539 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance (Vcp = 10 Vdc, IE = 0, f = 100 kHz) 
Input Capacitance (VepR = 0.5 Vdc, Ic = 0, f = 100 kHz) 


Small-Signal Current Gain (VCE = 20 Vdc, Ic = 20 mAdc, f = 100 MHz) 
SWITCHING CHARACTERISTICS 


Storage Time (Ic = |p1 = Ip2 = 20 mAdc, Vcc = 5.0 V) | ow = | — | 
Active Region Time Constant | om | — | 


0.2 Vde, VcE 
0.2 Vdc, VcE 


| 


Turn-On Time (lpy = Ip2 = 15 mAdc, Ic = 150 mAdc, 
Vcc = 7.0 Vde, RL = 40 2) 


Turn-Off Time (lpy = Ip2 = 15 mAdc, Ic = 150 mAdc, 
Vcc = 7.0 Vde, Rt = 40 2) 


Total Control Charge 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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2N2605 


JAN, JTX AVAILABLE 
CASE 26-03, STYLE 1 
TO-46 (TO-206AB) 


MAXIMUM RATINGS 


Collector Current — Continuous 


AMPLIFIER TRANSISTOR 


PNP SILICON 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Refer to 2N3962 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot_| Min | Max | unit | 
| Verceo | 45 | Tv 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) I¢ = 10 mA (Pulse) 


Collector-Base Breakdown Voltage (Ic = 10 uA) ViBR)CBO 2600. | ee te 
Emitter-Base Breakdown Voltage (I— = 10 uA) V(BR)EBO oe ee ee 
Collector Cutoff Current (Vcp = 45 V) ICBO | — | 0 | ra | 


Base-Emitter Short Circuit Current (Vce = 45 V) ICES 10 nA 
(VceE = 45 V, Ta = 170°C) 10 pA 


ON CHARACTERISTICS 


DC Current Gain(1) (Vce = 5.0 V, Ic = 10 wA) 100 
(VcE = 5.0 V, Ic = 500 yA) 150 — 
(VceE = 5.0 V, Ic = 10 mA) — 600 
(VcE = 5.0 V, Ic = 10 vA, Ta = —55°C) 2 ae 


Collector-Emitter Saturation Voltage (Ic = 10 mA, IB = 500 pA) VCE(sat) | o~ | of | vi | 
Base-Emitter Saturation Voltage (Ic = 10 mA, Ip = 500 pA) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance (Vcp = 5.0 V, Ip = 0, f = 1.0 MHz) 


Input Impedance (VcgE = 5.0 V, Ic = 1.0 mA, f = 100 MHz) Fe eee od 
Input Impedance (Vcp = 5.0 V, I— = 1.0 mA, f = 1.0 kHz) chibi 2B 
Voltage Feedback Ratio (Vcp = 5.0V, Ie = 1.0 mA, f = 1.0 kHz) a a 


(VcB = 5.0 V, IE = 1.0 mA, f = 1.0 kHz) 
(Vcg = 5.0 V, Ic = 500 pA, f = 30 MHz) 


Output Admittance (Vcg = 5.0 V, Ip = 1.0 mA, f = 1.0 kHz) hob pmho 
(VcB = 5.0 V, I¢ = 10 vA, Rg = 10 k ©, BW = 15.7 kHz) 


(1) Pulse Width < 300 usec, Duty Cycle < 2.0%. 
(2) Measured in amplifier with response down 3 db at 10 Hz. 


hFE 
VBE(sat) 


Smail-Signal Current Gain 


Noise Figure(2) 
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2N2800 


CASE 79, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


Rating 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 

Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


SWITCHING TRANSISTOR 


PNP SILICON 


Refer to 2N2904 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Symbol_| Min | Max | Unit _| 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage VCEO(sus) 35 Vde 
(I¢ = 100 mAdc, Ip = 0) . 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 10 wAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 100 Adc, Ic = 0) 

Collector Cutoff Current ICEX 100 nAdc 
(VcE = 25 Vdc, Veg = 0.5 Vdc Off) 


Base Cutoff Current 
hFE 
20 
30 
15 
25 


(VcE = 25 Vdc, Veg = 0.5 Vdc Off) 
oa ari 
aa =f ei *. 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 0.1 mAdc, VcgE = 10 Vdc) 

(ic = 150 mAdc, Veg = 10 Vde)(1) 
(i¢ = 150 mAdc, Vcg = 1.0 Vde)(1) 
(ic = 500 mAdc, Vee = 10 Vdc)(1) 


Collector-Emitter Saturation Voltage 
(I¢ = 150 mAdc, Ip = 15 mAdc) 
(Ic = 500 mAdc, Ig = 50 mAdc) 


Base-Emitter Saturation Voltage 
(Ic = 150 mAdc, Ip = 15 mAdc) 
(I¢ = 500 mAdc, Ip = 50 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 50 mAdc, Vcg = 10 Vdc, f = 100 MHz) 


Output Capacitance 
(VcB = 10 Vdc, f = 100 kHz) 


SWITCHING CHARACTERISTICS 
Delay Time 


Rise Time 


Storage Time 
Fall Time 
(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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CASE 22, STYLE 1 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 


Symbol 


SWITCHING TRANSISTOR 


PNP SILICON 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 

Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Refer to 2N869A for graphs. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


chases Symbol | Min | Max | Unit _| 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Ic = 10 wAdc, Vee = 0) | Weryces | 12 | — | vac 
Collector-Emitter Sustaining Voltage(2) (Ic = 10 mAdc, Ip = 0) | Vceo(sus) | 12,—2=O«| SC dd Cd 
[Collector-Base Breakdown Voltage (Ic = 10wAdcle=0) | iprycpo | 12 | |e 
Emitter-Base Breakdown Voltage (IE = 100 Adc, Ic = 0) | Vipriepo | 40 | — | Vde_ | 


Collector Cutoff Current (VcE = 6.0 Vdc, VBE = 
Base Current (VcgE = 6.0 Vdc, Veg = 0) 
ON CHARACTERISTICS 


DC Current Gain(2) hFE 
(I¢ = 10 mAdc, VcgE = 0.3 Vdc) 30 
(I¢ = 30 mAdc, Voce = 0.5 Vdc) 40 
(I¢ = 30 mAdc, VcgE = 0.5 Vdc, Ta = —55°C) 17 
(i¢ = 100 mAdc, VcE = 1.0 Vdc)(2) 25 
| Collector-Emitter Saturation Voltage(2) VCE(sat) 
| (I¢ = 10 mAdc, Ig = 1.0 mAdc) 
| (I¢ = 30 mAdc, Ip = 3.0 mAdc) 
| (I¢ = 100 mAde, IB = 10 mAdc) 
Base-Emitter Saturation Voltage(2) VBE(sat) 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 0.78 
(I¢ = 30 mAdc, Ip = 3.0 mAdc) i 
(I¢ = 100 mAdc, IR = 10 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 30 mAdc, Vcg = 10 Vdc, f = 100 MHz) 


Output Capacitance 
(VcB = 5.0 Vdc, le = 0, f = 140 kHz) 


Input Capacitance 
(VBE = —0.5 Vde, Ic = 0, f = 140 kHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Vcc = 2.0 Vde, Vee = 3.0 Vdc, Ic = 30 mAdc, Ipz = 1.5 mAdc) 


Turn-Off Time 
(Vcc = 2.0 Vde, Ic = 30 mAdc, Ipi = IB2 = 1.5 mAdc) 


(1) Applicable from 0.01 to 10 mAdc. 
(2) Pulse Test: Pulse Width = 300 us, Duty Cycle < 2.0%. 
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2N2895 
2N2896 
2N2897 


MAXIMUM RATINGS 


Rating 


CASE 22, STYLE 1 
TO-18 (TO-206AA) 


Emitter-Base Voltage : Cc 
Collector Current — Continuous Adc 


Total Device Dissipation 
@ Ta = 25°C 0.5 Watt 
Derate above 25°C 2.86 mW/°C 
Total Device Dissipation 
@ Tc = 25°C 1.8 Watts 
Derate above 25°C 10.3 mW/°C 
Operating and Storage Junction Ty, Tstg -—65 to +200 oC 
Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | Max | Unit 
OFF CHARACTERISTICS 


Coilector-Emitter Breakdown Voltage(1) V(BR)CER 
(I¢ = 100 mAdc, Rge = 10 ohms) 2N2895 
2N2896 
2N2897 


Collector-Emitter Sustaining Voltage(1) VCEO(sus) 
(I¢ = 100 mAdc, Ip = 0) 2N2895 
2N2896 
2N2897 


Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(I¢ = 0.1 mAdc, IE = 0) 2N2895 . 
2N2896 
2N2897 


60 
Emitter-Base Breakdown Voltage V(BR)EBO 7.0 
(Ie = 0.1 mAdc, Ic = 0) 


Vde 

Collector Cutoff Current pAdc 
(VcB = 60 Vdc, Ic = 0) 2N2895 
2N2896 
2N2897 


GENERAL PURPOSE 
TRANSISTOR 


NPN SILICON | 


(VeR = 60 Vdc, Ip = 0, Ta = +150°C) 2N2895 
2N2897 


(VcB = 90 Vdc, IE = 0) 2N2896 
(Vcp = 90 Vdc, IE = 0, Ta = +150°C) 2N2896 


Emitter Cutoff Current 
(VBE = 5.0 Vdc, Ic = 0) 2N2895 
2N2896 
2N2897 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 10 wAdc, VcE = 10 Vdc) 2N2895 
(I¢ = 100 wAdc, VcE = 10 Vdc) 2N2895 
(i¢ = 1.0 mAdc, Vcg¢ = 10 Vdc) 2N2896, 2N2897 
(I¢ = 10 mAdc, VcE = 10 Vdc) 2N2895 
(i¢ = 10 mAdc, Vcge = 10 Vde, Ta = — 55°C) 2N2895, 2N2896 


(ic = 150 mAdc, VcgE = 10 Vde)(1) 2N2895 
2N2896 
2N2897 


(Ic = 500 mAdc, VcE = 10 Vdc)(1) 2N2895 
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2N2895, 2N2896, 2N2897 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted. Te 


Characteristic 


Collector-Emitter Saturation Voltage(1) 
(I¢ = 150 mAdc, Ip = 15 mAdc) 2N2895, 2N2896 
2N2897 


= Tafel 
VBE(sat) 

1.2 

1.3 


Base-Emitter Saturation Voltage(1) 
(I¢ = 150 mAdc, Ip = 15 mAdc) 2N2895, 2N2896 
2N2897 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 50 mAdc, Vcgé = 10 Vde, f = 20 MHz) 2N2895, 2N2896 
2N2897 


Output Capacitance 
(VcB = 10 Vdc, ip = 0, f = 100 kHz) 


Input Capacitance 


(VpE = 0.5 Vde, Ic = 0, f = 100 kHz) 


Small-Signal Current Gain 
(I¢ = 5.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 2N2895 
2N2896, 2N2897 


Noise Figure 
(Ic = 0.3 mAdc, VcE = 10 Vdc, Rs = 500 ohms, 2N2895 
f = 1.0 kHz, BW = 15 kHz) 


(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 1.8%. 


j 
| 
| 
} 
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2N2904,A, 2N2905,A, 
2N2906,A, 2N2907,A, 
2N3485,A, 2N3486,A 


JAN, JTX, JTXV AVAILABLE* 


MAXIMUM RATINGS 


CASE 79-02, STYLE 1 
2N2904/2905 TO-39 (TO-205AD) 


CASE 22-03, STYLE 1 
2N2906/2907 TO-18 (TO-206AA) 


Total Device Dissipation 
@ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation 


400 
2.28 
@ Tc = 25°C 


3.0 1.8 2.0 Watts 
Derate above 25°C 17.2 10.3 11.43 mW/°C 
Operating and Storage Junction | Ty, Tstg —65 to +200 °C 
Temperature Range 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


(Ic = 10 mAdc, Ip = 0) Non-A Suffix 


V(BR)CEO Vde 
40 
A-Suffix 60 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 10 wAdc, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 10 wAdc, Ic = 0) 
Collector Cutoff Current ICEX — nAdc 
(VCE = 30 Vdc, VBE = 0.5 Vdc) 


Collector Cutoff Current 
(VcB = 50 Vdc, Ie = 0) Non-A Suffix 
A-Suffix 


CASE 26-03, STYLE 1 
2N3485/3486 TO-46 (TO-206AB) 


GENERAL PURPOSE TRANSISTOR 
PNP SILICON 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 


(VcB = 50 Vdc, Ie = 0, Ta = 150°C) Non-A Suffix 
A-Suffix 


Base Current 
(VcE = 30 Vdc, Vee = 0.5 Vdc) 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 0.1 mAdc, VcgE = 10 Vdc) 2N2904, 2N2906, 2N3485 
2N2905, 2N2907, 2N3486 
2N2904A, 2N2906A, 2N3485A 


2N2905A, 2N2907A, 2N3486A 


Hl 


(Ic = 1.0 mAdc, VcE 


ll 


10 Vdc) -2N2904, 2N2906, 2N3485 
2N2905, 2N2907, 2N3486 
2N2904A, 2N2906A, 2N3485A 
2N2905A, 2N2907A, 2N3486A 


(ic = 10 mAdc, VcE = 10 Vdc) 2N2904, 2N2906, 2N3485 
2N2905, 2N2907, 2N3486 
2N2904A, 2N2906A, 2N3485A 
2N2905A, 2N2907A, 2N3486A 


(Ic = 150 mAdc, Vcg = 10 Vde)(1) 2N2904A, 2N2906A, 2N3485,A 
2N2905A, 2N2907A, 2N3486A 


*ALSO AVAILABLE 2N2905ALJANS AND 2N2907AJANS 
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waste atbodinse RBA adn Aan eens Re TE bPartetal: Gk. Men peter, pee” hs 


| as (Vcc = 30 Vde, Ic = 150 mAdc, 
Delay Time ~ 15 mAdc) 


2N2904,A, 2N2905,A, 2N2906,A, 2N2907,A, 2N3485,A, 2N3486,A 
ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted. ae 


: Characteristic 


(I¢ = 500 mAdc, Vcge = 10 Vde)(1) 2N2904, 2N2906, 2N3485 

2N2905, 2N2907, 2N3486 
2N2904A, 2N2906A, 2N3485A 
2N2905A, 2N2907A, 2N3486A 


= = 
te 

“| -|-[8[*. 
ps 


Collector-Emitter Saturation Voltage(1) 
(I¢ = 150 mAdc, Ip = 15 mAdc) 
(I¢ = 500 mAdc, Ip = 50 mAdc) 
Base-Emitter Saturation Voltage 

(I¢ = 150 mAdc, Ip = 15 mAdc)(1) 
(I¢ = 500 mAdc, Ip = 50 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(Ic = 50 mAdc, VceE = 20 Vdc, f = 100 MHz) 


Output Capacitance 
(Vcp = 10 Vde, Ig = 0, f = 100 kHz) 


input Capacitance 
(VBE = 2.0 Vdc, Ic = 0, f = 100 kHz) 


SWITCHING CHARACTERISTICS 


* rt IB1 
Turn-Off Time 
(Vcc = 6.0 Vde, Ic = 150 mAdc, 
ee iins <1 dl 
Fall Time 


(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0.% 
(2) fr is defined as the frequency at which |h¢e| extrapolates to unity. 


NORMALIZED DC CURRENT GAIN “ON” VOLTAGE 
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s (ill thir ul (ET =e CPHL ri ee IT 
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2° ere TET CHINN ST PTT Hr eet 

CELTS HET- HST CIT Bani eS cent 

Ic, slicer eee ‘aay Ic, ancien ane fa: 
CAPACITANCE CURRENT GAIN—BANDWIDTH PRODUCT 

El al ot SS 
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= Neoeol HTT TIM TT TTT TT THT 2 woo LITT 
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CURRENT GAIN — BANDWIDTH PRODUCT 


=20V 
00 MHz 


VCE 
f=1 


(HW) LONGOYd HLCIMONVE NIVS LNIYYNS “LY 


2N2904,A, 2N2905,A, 2N2906,A, 2N2907,A, 2N3485,A, 2N3486,A 


Ic, COLLECTOR CURRENT (mA) 


Litt te 


TURN ON BEHAVIOR 


> 2 a2 .w uw 
+ on N = 


(su) 3WLL A730 ONV asiy ‘PY? 


Ic, COLLECTOR CURRENT (mA) 


TURN OFF BEHAVIOR 


0 ( 
pt 


FO 6 
PRE 5 ee ee ee ae 


lee Ie Eerie 
eRe eee Eee 


(su) 3WIL TlV4 ONY 39vHOLS FS 


Ic, COLLECTOR CURRENT (mA) 


STORAGE AND FALL 
TIME TEST CIRCUIT 


DELAY AND RISE 
TIME TEST CIRCUIT 


-6.0 


+15V 


INPUT 
Zo 


200 


= §0 2 


150 PPS 


PRF 


PRF = 150 PPS 


RISE TIME < 2.0 us 


a” 

c 
= 
N 
VW 
lu 
= 
pee 
uJ 
= 
ec 


us 
a. 
oO 
oO 
” 
fo] 
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TO OSCILLOSCOPE 
RISE TIME <5.0 ns 


RISE TIME < 5.0 ns 
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2N2944 
thru 
2N2946 


MAXIMUM RATINGS 


Cag [pba [ ares [ces [ en [Ua 
ener Gotesor Vonage | veco [10 [20 [a6 | vee 
[Collector-Base Voltage | Vcpo | 15 | 25 | 40 | vdeo 
: Eine se Yotoge ——___{ veso_-_18_]_ 28 | #0 1 wae 
[Collector Current — Continuous | ic | 00rd 


Total Device Dissipation 
@ Ta = 25°C 
‘ Derate above 25°C 
Total Device Dissipation 
@ Tc = 25°C 
Derate above 25°C mWw/°C 


Operating and Storage Junction TY, Tstg —65 to +200 °C 
Temperature Range 
THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case 
Thermal Resistance, Junction to Ambient 
Refer to 2N2944A for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector Cutoff Current (VcpR = 15 Vdc, IF = 2N2944 
(VcB = 25 Vdc, Ig 2N2945 
(VcB = 40 Vdc, IE = 2N2946 


Emitter Cutoff Current (Veg = 15 Vdc, Ic = 0) 2N2944 
(VEB = 25 Vdc, Ic = 0) 2N2945 
(VEB = 40 Vdc, Ic = 0) 2N2946 
ON CHARACTERISTICS 
DC Current Gain 
(i¢ = 1.0 mAdc, Vcg = 0.5 Vdc) 2N2944 


2N2945 
2N2946 


CASE 26-03, STYLE 1 
TO-46 (TO-206AB) 


TRANSISTOR 


PNP SILICON 


*DC Current Gain (inverted connection) 
(Ip = 200 wAdc, Vec = 0.5 Vdc) 2N2944 
2N2945 
2N2946 


Offset Voltage 

| (Ig = 200 pwAdc, ig = 2N2944 
2N2945 
2N2946 


(Ip = 1.0 mAdc, Ie = 2N2944 
2N2945 
2N2946 


2.0 mAdc, ip = 2N2944 
2N2945 
2N2946 


| SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 

; (i¢ = 1.0 mAdc, VcE = 6.0 Vdc, f = 1.0 MHz) 2N2944 
| 2N2945 
. 2N2946 


Output Capacitance (Vcp = 6.0 Vdc, IE = 0, f = 500 kHz) 


input Capacitance (Veg = 6.0 Vdc, Ic = 0, f = 500 kHz) 


“ON” Series Resistance 
(iB = 1.0 mAdc, IE = 0, Ic = 100 Arms, f = 1.0 kHz) 2N2944 
2N2945 
2N2946 


*Indicates Data in addition to JEDEC Requirements. 
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sie ae ea RA mle at 


MAXIMUM RATINGS 


| Rating | Symbol |anzaa4al2nzo4sal2nza46a| Unit 
[Emitter-Collector Voltage | Veco | 10 | 20 | 35 | Vdc 
| Collector-Base Voltage | Vega | 18 | 25 | 40 | Vac 
Emitter-Base Voltage | Vepo | 15 | 25 | 40 | Vdc 


Total Device Dissipation 
@ Ta = 25°C 
Derate above 25°C 


2N2944A 
2N2945A 
2N2946A 


JAN, JTX, JTXV AVAILABLE 
CASE 26-03, STYLE 1 
TO-46 (TO-205AB) 


Total Device Dissipation 
@ Tc = 25°C ; 
Derate above 25°C : mW/°C 


Operating and Storage Junction TJ, Tstg —65 to +200 °C 
Temperature Range 
Lead Temperature TL 240 °C 
1/16” from Case for 10 seconds 


THERMAL CHARACTERISTICS 


CHOPPER TRANSISTOR 


PNP SILICON 


Characteristic Symbol | = Max =| Unit 
Thermal Resistance, Junction to Case R@Jc 
Thermal Resistance, Junction to Ambient Reja 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


V(BR)ECO Vde 
10 
20 
35 


ICBO nAdc 
0.1 
0.2 
0.5 
10 
20 
25 


nAdc 


OFF CHARACTERISTICS 


Emitter-Collector Breakdown Voltage 

(IE = 10 pAdc, Ip = 0) 2N2944A 
2N2945A 
2N2946A 


Collector Cutoff Current 


(Veg = 15 Vdc, IE = 0) 2N2944A 
(VcBp = 25 Vdc, IE = 0) 2N2945A 
(VoR = 40 Vdc, Ip = 0) 2N2946A 


(Vcp = 15 Vdc, IE = 0, Ta = 100°C) 2N2944A 
(Vcp = 25 Vdc, Ip = 0, Ta = 100°C) 2N2945A 


(VCB 40 Vdc, le = 0, Tp 
Emitter Cutoff Current 


100°C) 2N2946A 


(VER = 25 Vdc, Ic = 0) 2N2944A 0.1 
2N2945A 0.2 
40 Vdc, Ic = 0) 2N2946A 0.5 


25 Vdc, Ic = 100°C) 2N2944A 


2N2945A 


40 Vdc, Ic = 
ON CHARACTERISTICS 


DC Current Gain 
(Ic = 1.0 mAdc, VcgE = 0.5 Vdc) 2N2944A 
2N2945A 
2N2946A 


DC Current Gain (Inverted Connection) hFE(inv) 
(IRB = 200 wAdc, VEc = 0.5 Vdc) 2N2944A 
2N2945A 
2N2946A 


100°C) 2N2946A 


20 
Offset Voltage VEC(ofs) 
(Ig = 200 pAdec, Iz = 0) 2N2944A 
2N2945A 
2N2946A 
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2N2944A, 2N2945A, 2N2946A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted. ) 


Characteristic 


(Ip = 1.0 mAde, IE = 0) 


(Ip = 2.0 mAds, IE = 0) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 1.0 mAdc, VcE = 6.0 Vdc, f = 1.0 MHz) 


Output Capacitance 
(VcB = 6.0 Vde, IE = 0, f = 0.1 MHz to 1.0 MHz) 


Input Capacitance 
(VEB = 6.0 Vdc, Ic = 


“ON” Series Resistance 
(ig = 1.0 mAdc, IE = 0, le = 100 wArms, f = 1.0 kHz) 


0, f = 0.1 MHz to 1.0 MHz) 


FIGURE 1 — VEci(on) 


hFE versus Ic 
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2N2946A 


2N2944A 
2N2945A 
2N2946A 
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*NOTE: Ic, snieeinn CURRENT any 
PULSE WIDTH = 300 ys, 
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FIGURE 2 — Vecloffset) 


0 oe Se I A a 91k 2% 1.0 Vac 
10k 2% Output Figure 1 — rec(on) recon) -Tec(on) 
mA 1.0k 2% V 


Output measured with H.P. 400D 
Ac VTVM or equivalent. 
1.0 mV = 1.0 2 rec(on) 
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2N2944A, 2N2945A, 2N2946A 


lebo versus Ta VCE(s) versus Ic 
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root nore HIME TT TIT LETTE | asec 
Evo LLM TTT ET 
oe S38 ot LIM TT TTI TU TT 
=o ee AE | 
ae 3 E ae A 
7 5 oo LLU MT ET | VAT 
ae ae BARU (MAMEUMRWOETS Ata 


SHH 
aeer 
——— 


penned inde ferret = owe 


0 20 40 60 80 100 120 140 160 180 200 Son 


Ta ~ AMBIENT TEMPERATURE (°C) Ic, COLLECTOR CURRENT (mA) 


PULSE WIDTH = 300 ps, 
DUTY CYCLE < 2% 


VBE(on) versus Ic Cibo versus VEB 
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2N2944A, 2N2945A, 2N2946A 


VEC(ofs) versus Ip 


nO ws 
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See 
Ee 


-0.01 -0.1 -1.0 ~10.0 
Ip, BASE CURRENT (mA) 


VEC(ofs), EMITTER COLLECTOR OFFSET 


hFE(iny), FORWARD CURRENT RATIO 
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S 


NOTE: 
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2N2959 


CASE 79, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 
Rating 


SWITCHING TRANSISTORS 


NPN SILICON 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 

Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Coilector-Emitter Breakdown Voltage V(BR)CEO 20 Vdc 
(I¢ = 10 mAdc, pulsed, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(I¢ = 10 Adc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 10 pAdc, Ic = 0) 

Collector Cutoff Current ICEX pAdc 
(VCE = 30 Vdc, VBE = 0.5 Vdc) 


Collector Cutoff Current ICBO pAdc 
(Vcp = 50 Vdc, ig = 0) 
(VcB = 50 Vdc, IE = 0, Ta = 150°C) 
Base Cutoff Current IBL pAdc 

(VcE = 30 Vdc, VBE = 0.5 Vdc) 

ON CHARACTERISTICS 
Collector-Emitter Saturation Voltage(1) (Ic = 150 mAdc, Ig = 15 mAdc) VCE(sat) | — | 05 | Vde | 
Base-Emitter Saturation Voltage(1) (lc = 150 mAdc, lB = 15 mAdc) VBE(sat) Fo | af de 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 20 mA, VcE = 20 V, f = 100 MHz) 


Output Capacitance . 
(VcB = 10 V, IE = 0, f = 100 kHz) 


SWITCHING CHARACTERISTICS 


Delay Time 
(Vcc = 30 V, Ics = 150 mA, ipy = 15 mA) 


Rise Time 
(Vcc = 30 V, Ics = 150 mA, Ip, = 15 mA) 


Storage Time 


(Vcc = 6.0 V, Ics = 150 mA, Ip4 
Ip2 = 15 mA) 


Fall Time 
(Vcc = 6.0 V, Ics = 150 mA, Ip4 
Igo = 15 mA) 


(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 
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2N3011 


CASE 22, STYLE 1 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 


Collector-Emitter Voltage(1) VCEO | 2 Vide | 
Collector-Emitter Voltage VCES Vde 
Collector-Base Voltage VcBO | 30s | Vide 


Emitter-Base Voltage 


Collector Current — Continuous 
Peak (10 us Pulse) 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Tc = 100°C 


SWITCHING TRANSISTOR 


NPN SILICON 
Derate above 25°C 


| Refer to 2N2368 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) (Ic = 10 mAdc, Ip = 0) V(BR)CEO re eae 
Collector-Emitter Breakdown Voltage (Ic = 10 uwAdc, Veg = 0) V(BR)CES Sa es eee 


Emitter-Base Breakdown Voltage (Iz = 100 wAdc, Ic = 0) 


Collector Cutoff Current (VcgE = 20 Vde Vege = 0) 
(VcE = 20 Vde, Vee = 0, Ta = +85°C) 


ON CHARACTERISTICS (2) 


DC Current Gain (I¢ = 10 mAdc, VcgE = 0.35 Vdc) 
(Ic = 30 mAdc, Vcg = 0.4 Vdc) 
(I¢ = 100 mAdc, VcE = 1.0 Vde) 


12 
Collector-Emitter Saturation Voltage (Ic = 10 mAdc, Ig = 1.0 mAdc) VCE(sat) 
(I¢ = 30 mAdc, Ip = 3.0 mAdc) 
(I¢ = 100 mAdc, Ip = 10 mAdc) 
(Ic = 10 mAdc, Ip = 1.0 mAdc, Ta = +85°C) 
10 mAdc, Ip = 1.0 mAdc) VBE(sat) 0.72 
30 mAdc, Ip = 3.0 mAdc) J — 
100 mAdc, Ip = 10 mAdc) — 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product (I¢ = 20mAdc, Vce = 10Vde,f= 100MHz) | fr =| = 400 S| SO — S| Ss Msi 
Output Capacitance (Vcp = 5.0 Vdc, IE = 0, f = 140 kHz) | Cobo | — | 40 | pF | 


Storage Time 
(lc = IB1 = —IB2 = 10 mAdc) 
Turn-On Time ton 
(Vcc = 2.0 Vdc, VEeB(off) = 9, Ic = 30 mAdc, lpi = 3.0 mAdc) 
Turn-Off Time toff 
(Vcc = 2.0 Vde, Ic = 30 mAdc, lpi = —IB2 = 3.0 mAdc) 


(1) Applicable from 0.01 mA to 10 mA (Pulsed). 
(2) Pulse Test: Pulse Length = 30 ys, Duty Cycle < 2.0%. 


SWITCHING CHARACTERISTICS 
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Pe ahaa a haiti. 


2N3012 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 


Rating 
Collector Current — Continuous 
| Pp 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


SWITCHING TRANSISTOR 


PNP SILICON 


Refer to 2N869A for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Symbol_| Min | Max | Unit _| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Ic = 10 pAdc, Ver = 0) V(BR)CES a aa a 


Collector-Emitter Sustaining Voltage(1) (I¢ = 10 mAdc, Ip = 0) VCEO(sus) ee oes 


(Emitter-Base Termination — Open Base) 


Collector-Base Breakdown Voltage (Ic = 10 wAdc, IE = 0) V(BR)CBO bee o,f Vee 
Emitter-Base Breakdown Voltage (Iz = 100 pAdc, Ic = 0) Viprjepo | 40 | — | Vvde_ | 


Collector Cutoff Current (VcE = 6.0 Vdc, VgE = 0) ICES 80 Adc 
(VCE = 6.0 Vdc, VpE = 0, Ta = +85°C) 5.0 
Base Current _(VcE = 6.0 Vdc, VBE = 0) Pia T= 0 


ON CHARACTERISTICS 


DC Current Gain hFE 
(I¢ = 10 mAdc, VcgE = 0.3 Vdc) 
(Ic = 30 mAdc, VcE = 0.5 Vdc) 
(I¢ = 100 mAdc, VcE = 1.0 Vdc)(1) 20 


Collector-Emitter Saturation Voltage(1) VCE(sat) 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 
(I¢ = 30 mAdc, IB = 3.0 mAdc) 
(I¢ = 30 mAdc, Ip = 3.0 mAdc, Ta = +85°C) 
(I¢ = 100 mAdc, lp = 10 mAdc) 
Base-Emitter Saturation Voltage(1) VBE(sat) 
(I¢ = 10 mAdc, IB = 1.0 mAdc) 0.78 
(Ic = 30 mAde, Ip = 3.0 mAdc) 0.85 
(I¢ = 100 mAdc, lp = 10 mAdc) —< 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcp = 5.0 Vde, Ig = 0, f = 140 kHz) 


Input Capacitance 
(VEB = 0.5 Vdc, Ic = 0, f = 140 kHz) 


Small-Signal Current Gain ed 


(I¢ = 30 mAdc, VcE = 10 Vde, f = 100 MHz) 
SWITCHING CHARACTERISTICS 


(Voc = 2.0 Vdc, I¢~30 mAdc, Ip1~1-5 mAdc) 


Turn-Off Time (Vcc = 2.0 Vdc, Ic~30 mAdc, Ip1 = Ip2~1.5 mAdc) | 


(1) Pulse Test: Pulse Width = 300 ws, Duty Cycle = 1.0%. 
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2N3013 
2N30 1 4 MAXIMUM RATINGS 


2N3013 JAN, JTX AVAILABLE 
CASE 27, STYLE 1 
TO-52 (TO-206AC) 


Collector-Emitter Voltage(1) 
2N3013 
2N3014 


Collector-Emitter Voltage VCES 
Collector-Base Voltage VcCBO | 40 
Emitter-Base Voltage VEBO a ee 


Collector Current — Continuous 
(10 us pulse) Peak 
Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
Total Device Dissipation @ Tc = 25°C 
@ Tc = 100°C 


SWITCHING TRANSISTOR 


NPN SILICON 


(1) Applicable from 0.01 mA to 10 mA (Pulsed) 
Refer to 2N3510 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | Max | Unit _| 
Collector-Emitter Breakdown Voltage V(BR)CES Vdc 
(Ic = 100 wAdc, Vee = 0) 
Collector-Emitter Sustaining Voltage(2) VCEO(sus) Vdc 
(ic = 10 mAdc, Ip = 0) 2N3013 15 
2N3014 20 
Collector-Base Breakdown Voltage V(BR)CBO Vde 
(I¢ = 100 wAdc, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 100 wAdc, Ic = 0) 


Collector Cutoff Current ICES pAdc 
(VcE = 20 Vdc, VBE = 0) 
(VcE = 20 Vdc, Veg = 0, Ta = +125°C) 
Base Current pAdc 
(VcE = 20 Vdc, Vege = 0) 


ON CHARACTERISTICS(2) j 


DC Current Gain 
(I¢ = 30 mAdc, VcgE = 0.4 Vdc) 
(I¢ = 100 mAdc, Vcg = 0.5 Vdc) 2N3013 
(i¢ = 10 mAdc, VcE = 0.4 Vde) 2N3014 
(i¢ = 300 mAde, VcE = 1.0 Vde) 2N3013 
(I¢ = 100 mAdc, VcgE = 1.0 Vdc) 2N3014 
(Ic = 30 mAdc, Veg = 0.4 Vde, Ta = —55°C) 


Collector-Emitter Saturation Voltage 
(I¢ = 30 mAdc, Ip = 3.0 mAdc) 


OFF CHARACTERISTICS 


(Ic = 100 mAdc, Ip = 10 mAdc) 2N3013 
(I¢ = 100 mAdc, |p = 10 mAdc) 2N3014 
(I¢ = 300 mAdc, Ip = 30 mAdc) 2N3013 
(Ic = 10 mAde, Ig = 1.0 mAdc) 2N3014 
(ic = 30 mAdc, Ip = 3.0 mAdc, Ta = +125°C) 


Base-Emitter Saturation Voltage 
(I¢ = 30 mAdc, Ip = 3.0 mAdc) 
(I¢ = 100 mAdc, Ip = 10 mAdc) 
(I¢ = 300 mAdc, Ip = 30 mAdc) 2N3013 
(i¢ = 10 mAdc, Ip = 1.0 mAdc) 2N3014 
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ELECTRICAL CHARACTERISTICS (Ta = 25°C uniess otherwise noted.) 


Po Characteristic | Symbot_ | Min | Max | Unit 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 30 mAdc, Vcge = 10 Vdc, f = 100 MHz) 


Output Capacitance 


(VcB = 5.0 Vde, IE = 0, f = 140 kHz) 


Input Capacitance 
(VBE = 0.5 Vde, Ic = 0, f = 140 kHz) 


SWITCHING CHARACTERISTICS 


Storage Time 
(ic = Ip1 = Ip2 = 10 mAdc) 


Turn-On Time 
(VEB(off) = 5.0 V, Vcc = 15 V, Ic = 300 mAdc, Ip1 = 30 mAdc) 
2N3013 


(VEB(off) = 9, Vcc = 2.0 V, Ic = 30 mAdc, Ip1 = 3.0 mAdc) 
2N3014 


Turn-Off Time 
(Vcc = 15 V, Ic = 300 mAdc, Igy = Ip2 = 30 mAdc) 2N3013 
(Vcc = 2.0 V, Ic = 30 mAdc, |Ip1 = Ip2 = 3.0 mAdc) 2N3014 


(2) Pulse Test: Pulse Width = 300 us, Duty Cycle < 2.0%. 
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2N3019 
2N3020 MAXIMUM RATINGS 


2N3700 eee 


a 
Sa ae 


Total Device Dissipation @ Ta = 25°C — 8 ee 5 Watts 
Derate above 25°C 4.6 2.85 mWw/°C 
Total Device Dissipation @ Tc = 25°C 5.0 1.8 Watts 

Derate above 25°C 28.6 10.6 mWw/°C 
Operating and Storage Junction Ty, Tstg —65 to +200 °C 
Temperature Range 
THERMAL CHARACTERISTICS 


2N3019 
Characteristic Symbol | 2N3020 | 2N3700 


Thermal Resistance, Junction to Case Re@Jc 165 | 70 | cow °C/W 
Thermal Resistance, Junction to Ambient RgJjA a5 | 245 | cw | 


JAN, JTX, JTXV AVAILABLE 
2N3019, 2N3020 
CASE 22 STYLE 1 
TO-18 (TO-206AA) 


GENERAL TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | min [Max | Unit _| 


Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(I¢ = 30 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage V(BR)CBO 140 Vdc 
(I¢ = 100 wAdc, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 7.0 Vdc 
(l—E = 100 wAdc, Ic = 0) 
Collector Cutoff Current ICBO pAdc 
(VcB = 90 Vdc, IE = 0) 0.01 
(VcB = 90 Vde, IE = 0, Ta = +150°C) 10 
Emitter Cutoff Current pAdc 
(VBE = 5.0 Vdc, Ic = 0) 
ON CHARACTERISTICS 
DC Current Gain(1) 


(I¢ = 0.1 mAdc, VcE = 10 Vdc) 2N3700, 2N3019 
2N3020 


OFF CHARACTERISTICS 


(I¢ = 10 mAdc, Vcg = 10 Vdc) 2N3700, 2N3019 
2N3020 


(Ic = 150 mAdc, VcE = 10 Vdc) 2N3700, 2N3019 
2N3020 


(Ic = 150 mAdc, VcE = 10 Vde, Tc = —55°C) 2N3700, 2N3019 


10 Vdc) 2N3700, 2N3019 
2N3020 


(I¢ = 500 mAdc, VcE 


(I¢ = 1.0 Adc, Vce = 10 Vdc) All Types 


Collector-Emitter Saturation Voltage VCE(sat) 
(i¢ = 150 mAdc, Ip = 15 mAdc) 
(Ic = 500 mAdc, Ip = 50 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 
(I¢ = 150 mAdc, Ip = 15 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 50 mAdc, VcE = 10 Vdc, f = 20 MHz) 2N3020 


2N3019, 2N3700 
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2N3019, 2N3020, 2N3700 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 


Output Capacitance Cobo pF 
(VcpB = 10 Vdc, Ie = 0, f = 1.0 MHz) 
Input Capacitance 
(VBE = 0.5 Vdc, ic = 0, f = 1.0 MHz) 


Small-Signal Current Gain 
(I¢ = 1.0 mAdc, Vcg = 5.0 Vde, f = 1.0 kHz) 2N3700, 2N3019 
2N3020 


Collector Base Time Constant 
(le = 10 mAdc, Vcp = 10 Vdc, f = 4.0 MHz) 2N3019, 2N3020 - 400 
2N3700 400 


Noise Figure 
(Ic = 100 wAdc, VceE = 10 Vdc, 2N3019, 
Rs = 1.0 k ohms, f = 1.0 kHz) 2N3700 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 1.0%. 


DC CURRENT GAIN DC CURRENT GAIN 
2N3019, 2N3700 2N3020 
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FREQUENCY EFFECTS 


TEMPERATURE COEFFICIENTS. 


2N3019, 2N3020, 2N3700 


300 6 ee ee ee 
SORE Wee eee eee 
TT ee 2 


SMALL-SIGNAL DEVICES 


I¢ COLLECTOR CURRENT (mA dc) 
Vce, COLLECTOR-EMITTER VOLTAGE (V) 
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MAXIMUM RATINGS 


2N3053,A 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Lead Temperature 1/16”, + 1/32” From 
Case for 10s 


GENERAL PURPOSE TRANSISTOR 
THERMAL CHARACTERISTICS 


NPN SILICON 
Symbol | = Max | Unit | we 
Thermal Resistance, Junction to Case °C/W 


(1) Applicable 0 to 100 mA (Pulsed): 
Pulse Width < 300 usec., Duty Cycle < 2.0%. 
0 to 700 mA; Pulse Width < 10 usec., Duty Cycle < 2.0%. 


Refer to 2N3019 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
(Ic = 100 wAdc, Ip = 0) 2N3053 
2N3053A 
Collector-Emitter Breakdown Voltage(2) 


(Ic = 100 mAdc, RpE = 10 ohms) 2N3053 
2N3053A 


Collector-Base Breakdown Voltage 
(I¢ = 100 wAdc, IE = 0) 2N3053 
2N3053A 


Emitter-Base Breakdown Voltage (Ip = 100 uAdc, Ic = 0) 


Collector Cutoff Current 

(VcE = 30 Vdc, VBE(off) = 1.5 Vdc) 2N3053 

(VCE = 60 Vdc, VBE(off) = 1.5 Vdc) 2N3053A 
Emitter Cutoff Current 

(VBE = 4.0 Vdc, Ic = 0) 2N3053 
Base Cutoff Current 

(VcE = 60 Vdc, VBE(off) = 1.5 Vdc) 2N3053A 
ON CHARACTERISTICS(1) 


DC Current Gain (Ic = 150 mAdc, VcgE = 2.5 Vdc) 
(I¢ = 150 mAdc, Vcg = 10 Vdc) 


Collector-Emitter Saturation Voltage 
(I¢ = 150 mAdc, Ip = 15 mAdc) 2N3053 
2N3053A 


Base-Emitter Saturation Voltage 
(I¢ = 150 mAdc, Ip = 15 mAdc) 2N3053 . 
2N3053A 


Base-Emitter On Voltage 
(I¢ = 150 mAdc, VcE = 2.5 Vdc) 2N3053 
2N3053A 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product (Ic = 50 mAdc, Vcg = 10 Vdc, f = 20 MHz) 
Output Capacitance (VcB = 10 Vdc, Ig = 0, f = 140 kHz) 


Input Capacitance (VpE = 0.5 Vde, Ic = 0, f = 140 kHz) 
(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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det 


2N3073 


2N3073 
CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 


Rating 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C mWw/°C 


Operating and Storage Junction TJ, Tstg | —65 to +200 °C 
Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | min | Max | unit _| 


Collector-Emitter Breakdown Voltage(1) (ic = 30 mAdc, ip = 0) V(BR)CEO | 60 | C—O] de 
Collector-Base Breakdown Voltage (ic = 100 wAdc, IE = 0) V(BR)CBO a ee ee 
Emitter-Base Breakdown Voltage (Ip = 100 uAdc, Ic = 0) VipRIEBO | 40 | — | Vde 


30 Vdc, Vee = 0) 
30 Vdc, Vee = 0, Ta = 125°C) 


SWITCHING TRANSISTOR 


PNP SILICON 


Refer to 2N2904 for graphs. 


OFF CHARACTERISTICS 


Collector Cutoff Current (VcE 
(VCE 


ott 


Emitter Cutoff Current (Veg = 4.0 Vdc, Ic = 0) 


Base Current (Vce = 30 Vdc, Vee = 0) 


ON CHARACTERISTICS 


DC Current Gain(1) (I¢ = 50 mAdc, VcE = 1.0 Vdc) 
(Ic = 50 mAdc, Vcg = 1.0 Vde, Ta = —55°C) 
(Ic = 300 mAdc, VcF = 2.0 Vdc) 


Collector-Emitter Saturation Voltage (lc = 50 mAdc, Ip = 2.5 mAdc) 


(I¢ = 300 mAdc, IB = 30 mAdc) 


VCE(sat) Vdc 
0.25 © 
1.0 

_ Pike 


| Vec(on) | — | 12 | vac | 


Base-Emitter Saturation Voltage 50 mAdc, Ip = 2.5 mAdc) 


300 mAdc, Ig = 30 mAdc) 


(Ic 
(Ic 


Base-Emitter On Voltage (Ic = 50 mAdc, Vcg = 1.0 Vdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(I¢ = 50 mAdc, VcgE = 20 Vdc, f = 100 MHz) 


Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 140 kHz) 


Input Impedance 
(I¢ = 10 mAdc, VcE = 10 Vde, f = 1.0 kHz) 


Voltage Feedback Ratio 


(I¢ = 10 mAdc, VcE = 10 Vde, f = 1.0 kHz) 


Small Signal Current Gain 
(I¢ = 10 mAdc, VcgE = 10 Vdc, f = 1.0 kHz) 


Output Admittance 
(Ic = 10 mAdc, Vcg = 10 Vde, f = 1.0 kHz) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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2N3073 


ELECTRICAL CHARACTERISTICS (continued) (Tq = 25°C uniess otherwise noted.) 


Characteristic | Symbot_| Min | Max | Unit 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(I¢=300 mAdc, Ip1=30 mAdc) 


Turn-Off Time 
(I¢=300 mAdc, Ig1=!B2~30 mAdc) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle = 1.0%. 
(2) f7 is defined as the frequency at which |h¢g| extrapolates to unity. 


FIGURE 1 — TURN-ON AND TURN-OFF SWITCHING TIMES TEST CIRCUIT 


+4.0V -30 V 


30 
0.47 uF 
330 
Vout 
PULSE GENERATOR 0.1 uF 140 HASAMPING 
0 | f OSCILLOSCOPE 
Vin = -90V 715 
500 pF 
tr, t¢ < 6.0 ns tp< 1.0 ns 
PW = 0.5 us Zin = 0.1 Megohm 
Zin = 602 
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Be eee el 


_-2N3114 


CASE 79, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


Collector-Base Voltage 


Emitter-Base Voltage 


i 


AMPLIFIER TRANSISTOR 


NPN SILICON 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 

Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Refer to 2N3498 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit _ | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO V 
(Ic = = 30 mAdc, Ip = 0) 


dc 
Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 100 wAdc, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 100 pAdc, Ic = 0) 
Collector Cutoff Current 
(VcB = 100 Vdc, IE = 0, TA = 150°C) 
Emitter Cutoff Current 
(VEB = 4.0 Vdc, Ic = 0) 
ON CHARACTERISTICS 
DC Current Gain(2) 
(I¢ = 0.1 mAdc, VcE = 10 Vdc) 15 — 
(Ic = 30 mAdc, VcE = 10 Vdc) 30 120 
(Ic = 30 mAdc, VcE = 10 Vde, Ta = —55°C) 12 
Base-Emitter Saturation Voltage(2) VBE(sat) Vde 
(I¢ = 50 mAdc, Ip = 5.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS | 
Output Capacitance Cobo pF 
(VcB = 20 Vdc, Ie = 0, f = 140 kHz) 
Input Capacitance Cibo pF 
(Veg = 0.5 Vdc, Ic = 0, f = 140 kHz) ; . 
Small-Signal Current Gain hfe 25 
(Ic = 1.0 mA, VcE = 5.0 V, f = 1 kHz) 
Current Gain — High Frequency lhfa 2.0 
(VcE = 10 Vdc, Ic = 30 mAdc, f = 20 MHz) 
Real Part of Input Impedance Re(hje) Ohms 
(Ic = 10 mA, VcE = 10 V, f = 100 MHz) 
(1) Between 0 and 30 mA. 


(VcB = 100 Vdc, Ig = 0) 
Collector-Emitter Saturation Voltage(2) VCE(sat) Vdc 
(I¢ = 50 mAdc, Ip = 5.0 mAdc) 
(2) Pulse Test: Pulse Width < 300 pus, Duty Cycle < 1.0%. 
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2N3133 


CASE 79, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


2N3135 


CASE 22, STYLE 1 
TO-18 (TO-206AA) 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


SWITCHING TRANSISTOR 
PNP SILICON 


Refer to 2N2904 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 35 
(I¢ = 10 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 10 wAdc, IE = 0) 


Emitter-Base Breakdown Voltage 

(IE = 10 wAdc, Ic = 0) 
Collector Cutoff Current 

(VcE = 30 V, Vee = 0.5 V) 
Collector Cutoff Current _ 

(VcB = 30 Vdc, IE = 0) 

(VcB = 30 Vdc, IE = 0, Ta = 150°C) 


Base Cutoff Current 
(VcE = 30 V, Veg = 0.5 V) 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 1.0 mAdc, VcE = 10 Vdc) 


hFE 
25 — 
(i¢ = 150 mAdc, Veg = 10 Vdc)(1) 40 120 
Collector-Emitter Saturation Voltage(1) VCE(sat) 0.6 Vdc 
(I¢ = 150 mAdc, Ip = 15 mAdc) 
Base-Emitter Saturation Voltage(1) VBE(sat) 1.5 Vdc 
(I¢ = 150 mAdc, IR = 15 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 50 mAdc, VcgE = 20 Vdc, f = 100 MHz) 


Output Capacitance 
(VcB = 10 Vdc, IE = 0, f = 100 kHz) 
Input Capacitance 
(VBE = 2 Vdc, Ic = 0, f = 100 kHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Vcc = 30 V, Ic = 150 mA, Ip1 = 15 mA) 


Turn-Off Time 
(Vcc = 6.0 V, Ic = 150 mA, Ip = IB2 = 15 mA) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle <= 2.0%. 
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| . 2N3227 For Specifications, See 2N2368 Data. 
: 2N3244_ 
2N3245 MAXIMUM RATINGS 


Rating 


CASE 79, STYLE 1 
TO-39 (TO-205AD} 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


GENERAL PURPOSE 
TRANSISTOR 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | __Unit_| 


OFF CHARACTERISTICS 


| Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vde 
(I¢ = 10 mAdc, Ip = 0) 2N3244 
| 2N3245 : 
| Collector-Base Breakdown Voltage V(BR)CBO Vde 
(I¢ = 10 pAdc, IE = 0) 2N3244 40 
2N3245 50 
a. BES 


Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 wAdc, Ic = 0) 


Base Cutoff Current IBEV nAdc 
(VcE = 30 Vdc, Vee = 3.0 Vdc) 


Collector Cutoff Current 
(VcE = 30 Vdc, Vege = 3.0 Vde 


Collector Cutoff Current 
(VcB = 30 Vdc, IE = 0) 
(VcB = 30 Vde, IE = 0, Ta = 100°C) 
Emitter Cutoff Current 
(VER = 3.0 Vdc, Ic = 0) 2N3245 
(VER = 4.0 Vdc, Ic = 0) 2N3244 


ON CHARACTERISTICS 


DC Current Gain(1) 
(I¢ = 150 mAdc, VcE = 1.0 Vdc) ~  -2N3244 
2N3245 


(Ic = 500 mAde, VcE = 1.0 Vde) 2N3244 
2N3245 


(Ic = 1.0 Adc, Vcg = 5.0 Vdc) 2N3244 
2N3245 


Collector-Emitter Saturation Voltage(1) VCE(sat) 
(I¢ = 150 mAdc, Ip = 15 mAdc) 2N3244 
; 2N3245 
(I¢ = 500 mAdc, Ip = 50 mAdc) 2N3244 
. 2N3245 
(Ic = 1.0 Adc, lg = 100 mAdc) 2N3244 
2N3245 
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2N3244, 2N3245 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit _| 


VBE(sat) Vde 
— 1.1 
0.75 1.5 
— 2.0 
Current-Gain — Bandwidth Product 
(I¢ = 50 mAdc, VcgE = 10 Vdc, f = 100 MHz) 2N3244 175 
2N3245 150 


Output Capacitance Cobo 
(VcB = 10 Vdc, IE = 0, f = 100 kHz) 

Input Capacitance Cibo 
(VER = 0.5 Vdc, Ic = 0, f = 100 kHz) 


a al CHARACTERISTICS 
|DelayTime Time 


Base-Emitter Saturation Voltage(1) 
(I¢ = 150 mAdc, Ig = 15 mAdc) 
(I¢ = 500 mAdc, Ig = 50 mAdc) 
(I¢ = 1.0 Adc, Ig = 100 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


(i¢ = 500 mA, Ip4 2N3244 
Rise Time VER = 2.0V, Vcc 2N3245 


Storage Time 
(I¢ = 500 mA, Vcc = 30 V 2N3244 


inal BOTA 2N3245 
Fall Time B1 * 'B2 


Total Control Charge 
(I¢ = 500 mA, Ip = 50 mA, Vcc = 30 V) 2N3244 
2N3245 


(1) Pulse Test: PW < 300 ys, Duty Cycle < 2.0%. 


FIGURE 1 — MINIMUM CURRENT GAIN CHARACTERISTICS 


NORMALIZED hy, 


50 100 200 500 1000 
Ic, COLLECTOR CURRENT (mA) 
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2N3244, 2N3245 


VOLTAGE (VOLTS) 


MOTOROLA SEMICONDUCTORS 


,, MAXIMUM COLLECTOR-EMITTER VOLTAGE (VOLTS) 


Cc 


OR-EMITTER VOLTAGE (VOLTS) 


Veg, MAXIMUM COLLECT 


2.0 


1.6 


1.2 


FIGURE 2 — COLLECTOR-EMITTER SATURATION VOLTAGE CHARACTERISTICS 


a 
wy | (eee He a 


ace repel set aes Sacked ee 

fie te oe er 

Bae Ie el ie a a 
3 at ee a ae ae 


i ee. = 2 ee a ee Lal 
a Ss es ws A fees CF 2 
0.5 1.0 2.0 5.0 10 20 50 100 200 


Ig, BASE CURRENT (mA) 


aa 
ae Ae Cae 


I,, BASE CURRENT (mA) 


FIGURE 3 — MAXIMUM SATURATION VOLTAGES 


ERNE ee ee eel ee EEA 
et 
T, = 25°C 

eee ace eee! 
BERS S Sem ee eae ED 


FIGURE 4 — TYPICAL TEMPERATURE COEFFICIENTS 
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2N3244, 2N3245 


FIGURE 5 — JUNCTION CAPACITANCE FIGURE 6 — TYPICAL SWITCHING TIMES 
180 
160 
HE ) 
70 a ee ee 
Pp 120 PS 
= Hos PPP } 
3 Bef 2 100}-——> 
z at esto 2 ofS 
: SSI 7 
: o0_$_=__ 
Py en, 
COCCI Ect 5 ores 
100 200 300 400 600 800 
ue oe ee He a0: 28 Ic, COLLECTOR CURRENT (mA) 
REVERSE a eee 
FIGURE 7 — CHARGE DATA FIGURE 8 — TURN-ON EQUIVALENT TEST CIRCUIT 


—30V 


12 Ms 
Br = 10 LIMIT Q, 2N3244 MESES 
x a — —= TYPICAL 590 
i= GE RE a P— mn an 
ai eel eee i a aa [yy 
ie ~<A BES SCOPE 
ee eee ee ee 
ee ae, aes a a —10.75V 200 9 
PW = 200 ns 
RISE TIME < 2 ns 
DUTY CYCLE = 2% —L. 


Ic, COLLECTOR CURRENT (mA) 


CHARGE (nt) 


FIGURE 9 — TURN-OFF EQUIVALENT TEST CIRCUIT FIGURE 10 — Q, TEST CIRCUIT 
+ 85V 


—30V 
10 < t, < 500 us 


SCOPE AV 
—~10V ry 
= 10 us 1200 pf max for 2N3245 
DUTY CYCLE = 2% DUTY CYCLE = 2% 1400 pf max for 2N3244 
FIGURE 11 — TURN-OFF WAVEFORM 
TIME — 
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2N3249 


CASE 22, STYLE 1 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 

Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


SWITCHING TRANSISTOR 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Mex | Unit _| 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 12 Vdc 
(I¢ = 10 mAdc, IB = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 15 Vde 
(Ic = 10 pAdc, IE = 0) . 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 10 wAdc, Ic = 0) 


Base Cutoff Current 
(VcE = 10 Vde, Vee = 1.0 Vdc) 


Collector Cutoff Current 
(VcE = 10 Vdc, Vee = 1.0 Vdc) 
(VcE = 10 Vdc, Veg = 1.0 Vdc, Ta = 100°C) 


ON CHARACTERISTICS 


DC Current Gain(1) 
(I¢ = 0.1 mAdc, VcEe = 1.0 Vdc) 
(I¢ = 1.0 mAdc, VcE = 1.0 Vdc) 
(I¢ = 10 mAdc, Vcg = 1.0 Vdc) 
(I¢ = 50 mAdc, VcE = 1.0 Vdc) 
(I¢ = 100 mAdc, VcgE = 1.0 Vdc) 


Collector-Emitter Saturation Voltage(1) VCE(sat) 
(Ic = 10 mAdc, Ip = 1.0 mAdc) 
(Ic = 50 mAdc, Ip = 5.0 mAdc) 
(Ic = 100 mAdc, Ig = 10 mAdc) 
Base-Emitter Saturation Voltage(1) VBE(sat) 
(Ic = 10 mAdc, Ig = 1.0 mAdc) . 
(Ic = 50 mAdc, Ip = 5.0 mAdc) 
(I¢ = 100 mAdc, Ig = 10 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(Ic = 20 mAdc, VcE = 10 Vdc, f = 100 MHz) 
Output Capacitance 

(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 


Input Capacitance 
(VBE = 1.0 Vde, Ic = 0, f = 100 kHz) 
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2N3249 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


po haracteristic | Symbot | Min | Max | Unit 


SWITCHING CHARACTERISTICS 


Delay Time Ic = 100 mA, IB = 10 mA, 


VBE = 0.5 V,Vcc = 10 V 


Rise Time 


Ic = 10 mA, Ipz = 1.0 mA, 
VBE = 0.5V, Vcc = 3.0 V 


Turn-Off Time Ic = 10 mA, Ip1 = IB2 = 1.0 mA, 
Vcc = 3.0 V 


Total Control Charge 
(i¢ = 10 mA, Ip = 0.25 mA, Vcc = 3.0 V) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle < 2.0%. 


FIGURE 1 — t,, CIRCUIT 


FIGURE 3 — TYPICAL SWITCHING TIMES 
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FIGURE 2 — toy CIRCUIT 
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FIGURE 4 — MINIMUM CURRENT GAIN CHARACTERISTICS 
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2N3249 
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FIGURE 5 — MAXIMUM CHARGE DATA FIGURE 6 — JUNCTION CAPACITANCE 
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FIGURE 7 COLLECTOR SATURATION VOLTAGE CHARACTERISTICS 
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2N3249 
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FIGURE 8 — SATURATION VOLTAGE LIMITS FIGURE 9 — TYPICAL TEMPERATURE COEFFICIENTS 
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2N3250,A 
2N3251,A a 


[eo (SL 
Symbol 2N3251A 
[cotlectoremitervVotage | ‘Veco | 40 | 60 | vic 
er aad co ee 
-EmiterSeve Volege __{_Yego_|_80_/_ae _ 
Tic | 200 | _made_| 


Total Device Dissipation @ Ta = 25°C 0.36 Watt 
Derate above 25°C 2.06 mWwW/°C 
Total Device Dissipation @ Tc = 25°C 1.2 Watts 
Derate above 25°C 6.9 mW/°C 
Operating and Storage Temperature Ty, Tstg —65 to +200 °C 
Temperature Range 
THERMAL CHARACTERISTICS 


Symbol | Max | Unit _| 
Thermal Resistance, Junction to Case R@Jc 
Thermal Resistance, Junction to Ambient R@JA | 049 | omc 


2N3250A,2N3251A 
JAN, JTX, JTXV AVAILABLE 


CASE 22, STYLE 1 
TO-18 (TO-206AA) 


GENERAL PURPOSE TRANSISTOR 
PNP SILICON 


ELECTRICAL CHARACTERISTICS (Ta, = 25°C unless otherwise noted.) 


Collector-Emitter Breakdown Voltage (1) 2N3250, 2N3251 V(BR)CEO 40 Vdc 
(Ic = 10 mAdc) 2N3250A, 2N3251A 60 

Collector-Base Breakdown Voltage 2N3250, 2N3251 V(BR)CBO Vdc 
(I¢ = 10 wAdc) 2N3250A, 2N3251A 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 10 Adc) | 

Collector Cutoff Current ICEX 20 Adc 
(VcE = 40 Vdc, Vee = 3.0 Vdc) 

Base Cutoff Current — IBL nAdc 
(VcE = 40 Vdc, VpE = 3.0 Vdc) 


ON CHARACTERISTICS 


DC Forward Current Transfer Radio (1) 
(I¢ = 0.1 mAdc, Vcg = 1.0 Vdc) 2N3250, 2N3250A 
VCE(sat) 
0.25 
0.5 
_ ries 


OFF CHARACTERISTICS 


40 
80 


2N3251, 2N3251A 


(I¢ = 1.0 mAde, Vcg = 1.0 Vdc) 2N3250, 2N3250A 
2N3251, 2N3251A 


45 
90 


10 mAdc, Vcg = 1.0 Vde) 2N3250, 2N3250A 
2N3251, 2N3251A 


50 
100 


(I¢ = 


(Ic = 50 mAdc, Vcg = 1.0 Vde) 2N3250, 2N3250A 
| 2N3251, 2N3251A 


. 


Collector-Emitter Saturation Voltage (1) 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 
(Ic = 50 mAdc, Ig = 5.0 mAdc) 


Base-Emitter Saturation Voltage (1) 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 
(I¢ = 50 mAdc, Ip = 5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 2N3250, 2N3250A 
(Ic = 10 mAdc, Veg = 20 Vdc, f = 100 MHz) 2N3251, 2N3251A 


Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 


Input Capacitance 
(VcB = 1.0 Vde, Ic = 0, f = 100 kHz) 
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2N3250,A, 2N3251,A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


input Impedance 2N3250, 2N3250A 
(I¢ = 1.0 mA, Vcg = 10 V, f = 1.0 kHz) 2N3251, 2N3251A 


Voltage Feedback Ratio 2N3250, 2N3250A 
(Ic = 1.0 mA, Vcg = 10 V, f = 1.0 kHz) 2N3251, 2N3251A 


Small-Signal Current Gain 2N3250, 2N3250A 
(I¢ = 1.0 mA, Vcg = 10 V, f = 1.0 kHz) 2N3251, 2N3251A 


Output Admittance 2N3250, 2N3250A 
(Ic = 1.0 mA, VcE = 10 V, f = 1.0 kHz) 2N3251, 2N3251A 


Noise Figure 
(Ic = 100 pA, VcE = 5.0 V, Rg = 1.0k Q, f = 100 Hz) 


Delay Time (Vcc = 3.0 Vdc, Veg = 0.5 Vde 


eee een 


Storage Time (I¢ = 10 mAdc, Ip1 = Ip2 = 1.0 mAdc 2N3250, 2N3250A 
Vcc = 3.0 V) 2N3251, 2N3251A 
Fall Time 


(1) Pulse Test: PW = 300 us, Duty Cycle = 2.0%. 


SWITCHING TIME CHARACTERISTICS 


FIGURE 1 — DELAY AND RISE TIME FIGURE 2 — STORAGE AND FALL TIME 
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2N3250,A, 2N3251,A 
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FIGURE 3 — FREQUENCY 
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FIGURE 4 — SOURCE RESISTANCE 
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FIGURE 5 — CURRENT GAIN 
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FIGURE 7 — VOLTAGE FEEDBACK RATIO 
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FIGURE 6 — OUTPUT ADMITTANCE 
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FIGURE 8 — INPUT IMPEDANCE 
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2N3250,A, 2N3251,A 


FIGURE S — NORMALIZED CURRENT GAIN CHARACTERISTICS 
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TYPICAL hee = 167 _ 2N3251. 2N3251A, JAN 2N3251A 
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FIGURE 10 — COLLECTOR SATURATION REGION 


This graph shows the effect of base current on collector current. Jo is the 
current gain of the transistor at 1 volt, and 2¢ (forced gain) is the ratio of Ic/Igr 
in a circuit. EXAMPLE: For type 2N3251, estimate a base current (Ige) to insure 
saturation at a temperature of 25°C and a collector current of 10 mA. 

Observe that at lc = 10mA an overdrive factor of at least 2.5 is required to 
drive the transistor well into the saturation region. From Figure 1, it is seen that 
hee @ 1 volt is typically 167 (guaranteed limits from the Table of Characteristics 
can be used for ‘‘worst-case”’ design)... 


Bo _he@ivot 4, 167 
Be Welle 2.9 = T)mA/ lor Ipc = 6.68 mA typ 
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FIGURE 12 — TEMPERATURE COEFFICIENTS 
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2N3250,A, 2N3251,A 
FIGURE 13 — f, AND r,’Cc versus Ic FIGURE 14 — 30 MC EQUIVALENT CIRCUIT 


Vee = 10V; 
le =5 mA, 
M.A.G, = 29 db (TYPICALLY) 


2.1 pf 


rp Cc, COLLECTOR-BASE TIME CONSTANT (psec) 
fr, CURRENT GAIN— BANDWIDTH PRODUCT (mc) 


lc, COLLECTOR CURRENT (mAdc) 


FIGURE 15 — JUNCTION CAPACITANCE FIGURE 16 — CHARGE DATA 
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2ZN3252 
2N3253 
2N3444 


MAXIMUM RATINGS 


Collector-Emitter Voltage 


Collector-Base Voltage 


JAN, JTX AVAILABLE 
2N3253, 2N3444 
CASE 79, STYLE 1 
TO-39 (TO-205AD) 


Emitter-Base Voltage 


Total Device Dissipation 
@ Ta = 25°C 


Derate above 25°C 

Total Device Dissipation 
@ Tc = 25°C 

Derate above 25°C 


THERMAL CHARACTERISTICS 


SWITCHING 


NPN SILICON 


Characteristic Symbol | Max 


Thermal Resistance, Junction to Case Re@Jc 35 °C/W 
R@JA 0.175 °C/mW 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(I¢ = 10 mAdc, pulsed, IB = 0) 2N3252 
2N3253 
2N3444 


Collector-Base Breakdown Voltage V(BR)CBO Vde 
(I¢ = 10 pAdc, Ie = 0) 2N3252 6 
2N3253 
2N3444 


Emitter-Base Breakdown Voltage Vde 
(IE = 10 wAdc, Ic = 0) 


Collector Cutoff Current 
(VcE = 40 Vdc, VEB(off) = 4.0 Vdc) 2N3252 
(VCE = 60 Vdc, VEB(off) = 4.0 Vdc) 2N3253, 2N3444 


Collector Cutoff Current 
(VcB = 40 Vdc, IE = 0) 2N3252 
(VcB = 40 Vdc, IE = 0, Ta = 100°C) 2N3252 
(VcB = 60 Vdc, IE = 0) 2N3253, 2N3444 
(VcB = 60 Vdc, IE = 0, Ta = 100°C) 2N3253, 2N3444 


Emitter Cutoff Current 
(VBE = 4.0 Vdc, Ic = 0) 


Base Cutoff Current 
(VcE = 40 Vdc, VEB(off) = 4.0 Vdc) 2N3252 
(VcE = 60 Vdc, VEB(off) = 4.0 Vdc) 2N3253, 2N3444 


ON CHARACTERISTICS 


DC Current Gain(1) 
(I¢ = 150 mAdc, Vcf£ = 1.0 Vdc) 2N3252 
2N3253 
2N3444 


(i¢ = 500 mAdc, VcE = 1.0 Vdc) 2N3252 
| 2N3253 
2N3444 


(Ic = 1.0 Adc, Vcg = 5.0 Vdc) 2N3252 
2N3253 
2N3444 
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2N3252, 2N3253, 2N3444 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted. oa 


Characteristic 


-Collector-Emitter Saturation Voltage(1) 
(I¢ = 150 mAdc, Ig = 15 mAdc) 


(I¢ = 500 mAdc, Ig = 500 mAdc) 


(Ic = 1.0 Adc, IB = 100 mAdc) — 


Base-Emitter Saturation Voltage(1) 

(I¢ = 150 mAdc, Ip = 15 mAdc) 

(I¢ = 500 mAdc, Ip = 50 mAdc) 

(I¢ = 1.0 Adc, lp = 100 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 

(I¢ = 50 mAdc, VcE = 10 Vdc, f = 100 MHz) 


Output Capacitance 
(VcB = 10 Vdc, IE = 0, f = 100 kHz) 


Input Capacitance 
(VEB = 0.5 Vdc, Ic = 0, f = 100 kHz) 


SWITCHING CHARACTERISTICS 


Ic = 500 mAdc, lpi = 50 mAdc 
Vcc = 30 V, VBE = 2.0 V 


oe Time 


Fall Time 


Total Control Charge 
(ic = 500 mAdc, Ip1 = 50 mAdc, Vcc = 30 V) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
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2N3252, 2N3253, 2N3444 
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2N3252, 2N3253, 2N3444 
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2N3252, 2N3253, 2N3444 
TYPICAL TURN-ON TIME VARIATIONS WITH VOLTAGE 
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TYPICAL RISE TIME VARIATIONS WITH TEMPERATURE 
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TYPICAL TEMPERATURE COEFFICIENTS 
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2N3299 
2N3300 


CASE 79, STYLE 1 
TO-39 (TO-205AD) — | 
MAXIMUM RATINGS 


Symbol 
Collector-Emitter Voltage VCEO 
(Applicable 0 to 10 mAdc) 


Collector-Base Voltage VCBO | wo 


GENERAL PURPOSE. 
TRANSISTOR 


2N3301 
2N3302 


CASE 22, STYLE 1 
TO-18 (TO-206AA) 


GENERAL PURPOSE 
TRANSISTOR 


NPN SILICON 


Emitter-Base Voltage VEBO 
Collector Current — Continuous Fie 


pa 2N3301 
= 2N3302 
‘ ee 
Total Device Dissipation @ Tc = 25°C Le ee 


Watts 
Derate above 25°C __ 17. 2 ic : mW/°C 
Operating and Storage Junction Ty, Tstg —65 to +200 
Temperature Range 
Refer to 2N2218 for graphs. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit | 


Collector-Emitter Sustaining Voltage(1) (I¢ = 10 mAdc, Ip = 0) VCEO(sus | 300 | CU — de 
Collector-Base Breakdown Voltage (Ic = 10 wAdc, Ig = 0) Vipricso | 60 | — | Vde | 
Emitter-Base Breakdown Voltage (Ip = 10 wAdc, Ic = 0) V(BR)EBO ae eee 


Vde 
Collector Cutoff Current (VcgE = 50 Vdc, Vee = 0) ICES Le ee ee 
10 


(VcE = 50 Vdc, VBE = 0, Ta = 150°C) 


Emitter Cutoff Current _(Vge = 3.0 Vdc Ic = 0) | eso | = | 0 | nde 
Base Current _(Vce = 50 Vde, VBE = 0) a ae ee ee 


ON CHARACTERISTICS 


DC Current Gain 2N3299, 2N3301 
(I¢ = 0.1 mAdc, Vce = 10 Vdc) 2N3300, 2N3302 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


OFF CHARACTERISTICS 


(Ic = 1.0 mAdc, VcE = 10 Vdc) 2N3299, 2N3301 
2N3300, 2N3302 
(Ic = 10 mAdc, Vcg = 10 Vdc)(1) : 2N3299, 2N3301 
2N3300, 2N3302 
(Ic = 150 mAdc, VcE = 1.0 Vde)(1) --:2N3299, 2N3301 
2N3300, 2N3302 
(Ic = 150 mAdc, Veg = 10 Vde)(1) 2N3299, 2N3301 
2N3300, 2N3302 
(ic = 500 mAdc, Vcg = 10 Vde)(1) 2N3299, 2N3301 


2N3300, 2N3302 


= 150 mAdc, Ip = 15 mAdc) 
(Ic = 300 mAdc, IB = 30 mAdc) 
(I¢ = 500 mAdc, Ip = 50 mAdc) 
(I¢ = 150 mAdc, Ip = 15 mAdc) 

(I¢ = 300 mAdc, Ip = 30 mAdc) 

(I¢ = 500 mAdc, Ip = 50 mAdc) 
Base Emitter Voltage (Ic = 150 mA, VcgE = 10 V) 


SMALL-SIGNAL CHARACTERISTICS 


Collector-Emitter Saturation Voltage 


owe EE v8 “ 
0. - 
VBE(sat) Ese! Vdc 


| Vpejon) | — | iv | 


Base-Emitter Saturation Voltage 


Output Capacitance (Vcg = 10 Vde, Iz = 0, f = 140 kHz) 

Input Capacitance (VpE = 2.0 Vdc, Ic = 0, f = 140 kHz) 
SWITCHING CHARACTERISTICS 

Turn-On Time (Vcc = 25 Vde, Ic = 300 mAdc, Ipz = 30 mAdc) 


Turn-Off Time (Vcc = 25 Vde, Ic = 300 mAdc, Ip1 = IB2 = 30 mAdc) 
(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 25 
Vdc 
Fcotlecor-ase Voltage ——~—~—~| vcs | 40 | 30 | Veo 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 300 mW 
Derate above 25°C 1.71 mw/°C 
Operating and Storage Junction Ty, Tstg —65 to +200 °C 
Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


2N3307 
2N3308 


CASE 20, STYLE 10 
TO-72 (TO-206AF) 


GENERAL PURPOSE 
_ TRANSISTOR 


PNP SILICON 


Characteristic | Symbot_ | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(i¢ = 2.0 mAdc, Ip = 0) 2N3307 
2N3308 


Collector-Emitter Breakdown Voltage 
(I¢ = 10 wAdc, Veg = 0) 2N3307 
2N3308 
Collector-Base Breakdown Voltage(1) 
(I¢ = 10 wAde, IE = 0) 2N3307 
2N3308 
Emitter-Base Breakdown Voltage 
(IE = 10 wAdc, Ic = 0) 
Collector Cutoff Current 
(VcB = 15 Vde) 
(VcB = 15 Vdc, T = 150°C) 2N3307 


ON CHARACTERISTICS 


V(BR)CEO 


V(BR)CES 


im Ke 


DC Current Gain 
(VcE = 10 Vdc, Ic = 2.0 mAdc) 2N3307 
2N3308 


Collector-Emitter Saturation Voltage 
(I¢ = 3.0 mAdc, Ip = 0.6 mAdc) 


FE 
VCE(sat) 


Base-Emitter Saturation Voltage VBE(sat) 
(I¢ = 3.0 mAdc, Ip = 0.6 mAdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(VcE = 10 Vdc, Ic = 2.0 mAdc, f = 100 MHz 


Maximum Frequency of Operation 
(VcE = 10 Vde, Ic = 2.0 mAdc) 
Output Capacitance 
(VcB = 10 Vdc, IE = 0, f = 0.1 MHz 2N3307 
te 2N3308 


Small-Signal Current Gain 
(VcE = 10 Vdc, ic = 2.0 mAdc, f = 2N3307 
2N3308 


Collector Base Time Constant 
(Vcp = 10 Vdc, Ic = 2.0 mAdc, f = 31.8 MHz) 2N3307 
2N3308 


SMALL-SIGNAL DEVICES 
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MOTOROLA SEMICONDUCTORS 


| 
2N3307, 2N3308 


| ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Noise Figure 


(VcE = 10 Vdc, Ic = 2.0 mAde, f = 200 MHz) 2N3307 
2N3308 


SWITCHING CHARACTERISTICS 


Power Gain(2) | 
(VcE = 10 Vde, Ic = 2.0 mAdc, f = 200 MHz) 


Power Gain (AGC)(2) 
| (VcE = 5.0 Vdc, I¢ = 20 mAdc, f = 200 MHz) 2N3307 
| 2N3308 


(1) Cobo is measured in guarded circuit such that the can capacitance is not included. 
(2) AGC is obtained by increasing Ic. The circuit remains adjusted for Vcp = —10 Vdc, Ic = —2 mAdc operation. 


| COMMON EMITTER AVERAGE SMALL POWER GAIN 


& NOISE FIGURE versus COLLECTOR CURRENT NOISE FIGURE versus FREQUENCY 


Vee ==—10 Vde mmm TUNED AT Ic = —2 mAdc ONLY. 
f == 200 MHz emmme wee TUNED AT EACH TEST CURRENT. 

. 

& 

oe 

=) - 
x a 
a s 
S = 
& © 
= [eas 
& 3 
ee = 
s 7 
= 

03 

o 

0 —2 —~4 —6 —8 —-10 —12 —-14 ~—16 ~18 —20 
Ic, COLLECTOR CURRENT (mAdc) f, FREQUENCY (MHz) 
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MAXIMUM RATINGS 


350 


— 2N3439, 2N3440 NPN 
a 


2N5415, 2N5416 PNP 


JAN, JTX, JTXV AVAILABLE 
CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


0 


Total Device Dissipation 


@ Ta = 25°C 

Derate above 25°C 
Total Device Dissipation 

@ Tc = 25°C 

Derate above 25°C 
Total Device Dissipation 

@ Tp = 50°C 

Derate above 50°C 
Operating and Storage 

Junction Temperature 

Range 


THERMAL CHARACTERISTICS 


2N3439 
Characteristic Symbol 2N3440 
5 


Thermal Resistance, Junction to Case Re@Jc 17.5 
Thermal Resistance, Junction to Ambient R@JA °C/W 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | Max | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage(1) 
(I¢ = 50 mAdc, Ip = 0) 2N5415 
-2N5416 
2N3439 
2N3440 


*Collector Cutoff Current 
(VcE = 300 Vdc, Ip = 0) 2N3439 
(VcE = 200 Vdc, Ip = 0) 2N3440 


*Collector Cutoff Current 
(VcE = 450 Vdc, Vege = 1.5 Vdc) 2N3439 
(VceE = 300 Vdc, VBE 1.5 Vdc) 2N3440 


Collector Cutoff Current 
(VcB = 175 Vdc, Ie = 2N5415 
(VcB = 280 Vdc, IE 2N5416 
(VcB = 360 Vdc, IE 2N3439 
(VcB = 250 Vdc, Ir 2N3440 


Emitter Cutoff Current 
(VERB = 4.0 Vdc, Ic = 0) 2N5415 
(Veg = 6.0 Vdc, Ic = 0) 2N5416, 2N3439, 2N3440 


ON CHARACTERISTICS(1) 
DC Current Gain 


(I¢ = 2.0 mAdc, VcgE = 10 Vdc) 2N3439 
*(I¢ = 20 mAdc, VcE = 10 Vdc) 2N3439, 2N3440 
*(I¢ = 50 mAdc, Vce = 10 Vdc) 2N5415 
2N5416 
Collector-Emitter Saturation Voltage 
(I¢ = 50 mAdc, Ip = 4.0 mAdc) 2N3439, 2N3440 
Base-Emitter Saturation Voltage 
(l¢ = 50 mAdc, Ip = 4.0 mAdc) : 2N3439, 2N3440 
*Indicates Data in Addition to JEDEC Requirements. 
SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


-2N3439, 2N3440 NPN / 2N5415, 2N5416 PNP 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic | symbot_ | Min | Max | Unit 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 10 mAdc, VcE = 10 Vde, f = 5.0 MHz) 2N3439, 2N3440 


Output Capacitance 
(VcB = 10 Vdc, IE = 0, f = 1.0 MHz) 2N5415, 2N5416, 
2N3439, 2N3440 


Input Capacitance 


(VER = 5.0 Vde, Ic = 0, f = 1.0 MHz) 


Small-Signal Current Gain 
(I¢ = 5.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 
(i¢ = 10.0 mAdc, VcE = 10 Vdc, f = 5.0 MHz) 2N5415, 2N5416 


Real Part of Input Impedance 
(VcE = 10 Vde, Ic = 5.0 mAdc, f = 1.0 MHz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
CAUTION: The sustaining voltage must not be measured on a curve tracer. (See Fig. 15.) 


FIGURE 1 — SWITCHING TIMES TEST CIRCUIT 


Input My 


PW= 10 us 
Duty Cycles = 1.0%, 
te 1.0 ns 


VCC To Scope 
Re tr< 2.0 ns NOTE: Vcc and R¢ adjusted for VcE (off) = 150 V and Ic 


as desired, Rp chosen for desired 1g14, V,10 V, Vo 28.0 V 


For ty and t,, D1 is disconnected 
and V2 = 2.0 V 


For PNP test circuit, 
reverse all polarities. 


PNP NPN 
2N5415, 2N5416 2N3439, 2N3440 
FIGURE 2 — TURN-ON TIME 
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2N3439, 2N3440 NPN / 2N5415, 2N5416 PNP 


FIGURE 4 — CURRENT-GAIN — BANDWIDTH PRODUCT FIGURE 5 — CAPACITANCE 
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FIGURE 6 — THERMAL RESPONSE 
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FIGURE 7 — ACTIVE-REGION SAFE OPERATING AREA 
PNP — 2N5415, 2N5416 NPN — 2N3439, 2N3440 
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2N3439, 2N3440 NPN / 2N5415, 2N5416 PNP 


Pp, POWER DISSIPATION (WATTS) 


hee, DC CURRENT GAIN 


Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 8 — POWER DERATING 


Tc, CASE TEMPERATURE (°C) 


PNP 
2N5415, 2N5416 


There are two limitations on the power handling ability of a 
transistor, average junction temperature and second breakdown. 
Safe operating area curves indicate |c-VcE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of Figure 7 is based on Tj(p,) = 200°C; Te is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Ty(pk) < 200°C. Ty(p,) may be 


' calculated from the data in Figure 6. At high case temperatures, 


thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
(See AN-415). 
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2N3439 2N3440 


FIGURE 9 — DC CURRENT GAIN 
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FIGURE 10 —- COLLECTOR SATURATION REGION 
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FIGURE 11 — “ON” VOLTAGES 


le eee a et oN de 

pacino et La eet 

i eT 

eet 1} tt TT 
Pe 


[eee vero 


1.0 


0.8 
VBE(sat) @ Ic/ig = 10 


V, VOLTAGE (VOLTS) 


[—] 
yy 
os 
| 
io 
i 
rf 
Ee 
= 
= 
ee ee ee 
=o oat 
REE 
= 
a 
i 
| 
VOLTAGE (VOLTS) 
Rea ele Sale t 
RN 
OU Be a a a | 


EC ETTTT tc 
PP reso [ETE 


poi Sel. Ueda ec 


[| Veen | | totes 0 | LY — acd 
2 i 0 ee ee ee as” ——— ae —— — 
f= == 2s oe ee no oe a a MC 


RnR 
oS 
i—) 


5.0 7.0 10 20 30 50 70 100 200 300 500 & 20 30 50 10 20 300 50 100 
ic, COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mA) 


FIGURE 12 — TEMPERATURE COEFFICIENTS 
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2N3439, 2N3440 NPN / 2N5415, 2N5416 PNP 


FIGURE 14 — BASE CUTOFF REGION 
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SUSTAINING VOLTAGES 


For Specifications, See 2N3252 Data. 
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2N3467 


MAXIMUM RATINGS 2N3468 


Tso | 
'EmitterGase Votge ——~SSS*dt (Weng |b ae 


JAN, JTX, JTXV AVAILABLE 
CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


SWITCHING TRANSISTOR 


PNP SILICON 


THERMAL CHARACTERISTICS 


Characteristic 
Thermal Resistance, Junction to Case ReJjc 
Thermal Resistance, Junction to Ambient 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Pe haracteristic | Symbot | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vdc 
(I¢ = 10 mAdc, Ip = 0) 2N3467 
2N3468 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(I¢ = 10 wAdc, IE = 0) 2N3467 
2N3468 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 10 wAdc, Ic = 0) 


Base Cutoff Current IBEV 120 — nAdc 
(VcE = —30 Vdc, VgE = 3.0 Vdc) 


Collector Cutoff Current 

(VcE = —30 Vdc, Veg = 3.0 Vdc) 
Collector Cutoff Current 

(VcB = 30 Vdc, IE = 0) 

(VcB = 30 Vdc, IE = 0, Ta = 100°C) 


ON CHARACTERISTICS 


DC Current Gain(1) 
(lc = 150 mAdc, VcE = 1.0 Vdc) 2N3467 
2N3468 


(Ic = 500 mAdc, VcE = 1.0 Vde) 2N3467 
2N3468 


(I¢ = 1.0 Adc, Vcg = 5.0 Vde) 2N3467 


2N3468 


20 
Collector-Emitter Saturation Voltage(1) VCE(sat) 
(i¢ = 150 mAdc, IR = 15 mAdc) 2N3467 
2N3468 
(I¢ = 500 mAdc, Ip = 50 mAdc) 2N3467 
2N3468 
(I¢ = 1.0 Adc, lp = 100 mAdc) 2N3467 
2N3468 
Base-Emitter Saturation Voltage(1) VBE(sat) 
(I¢ = 150 mAdc, Ip = 15 mAdc) 
(I¢ = 500 mAdc, Ip = 50 mAdc) 
(I¢ = 1.0 Adc, lg = 100 mAdc) 


SMALL-SIGNAL DEVICES | MOTOROLA SEMICONDUCTORS 
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2N3467, 2N3468 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot_ | Min | Max | Unit | 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 
(I¢ = 50 mAdc, VcgE = 10 Vdc, f = 100 MHz) 2N3467 
; 2N3468 


Output Capacitance 


(VcB = 10 Vdc, Ile = 0, f = 100 kHz) 


Input Capacitance 
(VER = 0.5 Vdc, Ic = 0, f = 100 kHz) 


SWITCHING CHARACTERISTICS 


(ic = 500 mA, Ip1 = 50 mA, VBE = 


Rise Time ONIN CGS 80 


(i¢ = 500 mA, Ip1 = Ig2 = 50 mA, Vcc = 30 V) 


(1) Pulse Test: PW < 300 us, Duty Cycle < 2.0%, 


STORAGE TIME VARIATION WITH TEMPERATURE 


| 
le = 10 Ip, = 101,, 
Veco = 30 
am T, = 25°C 
mm T= 125°C 


t’,, STORAGE TIME (ns) 


0 


500 700 1000 
Ic, COLLECTOR CURRENT (mA) 


LIMITS OF SATURATION VOLTAGE 


“Cie ter rey 
SE A Ages mo a 
A) 


Vjsaty» SATURATION VOLTAGE (VOLTS) 


50 70 100 200 300 500 700 1000 
Ic, COLLECTOR CURRENT (mA) 
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SMALL-SIGNAL DEVICES 
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MINIMUM CURRENT GAIN CHARACTERISTICS 


hee, MINIMUM CURRENT GAIN 


es ese 
cat oe a 
eae yen 


50 70 100 200 300 500 700 1000 


hse, MINIMUM CURRENT GAIN 


le, COLLECTOR CURRENT (mA) 
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2N3494 
~ 2N3495 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) - 


MAXIMUM RATINGS 


2N3496 


2N3497 © 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C mWw/°C 


Total Device Dissipation @ Tc = 25°C* 3.0 1.2 Watts 
Derate above 25°C 17.2 6.85 mW/°C 

Operating and Storage Junction Ty, Tstg -65to +200 . °C 
Temperature Range 


*Indicates Data in addition to JEDEC Requirements. 


GENERAL PURPOSE 
TRANSISTOR 
PNP SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot_| min | Max | unit _| 


V(BR)CEO Vde 
80 
120 
V(BR)CBO Vdc 
(I¢ = 10 pAdc, Ie = 0) 2N3494, 2N3496 80 
2N3495, 2N3497 120 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 10 pAdc, Ic = 0) 
Collector Cutoff Current ICBO nAdc 
(Vcp = 50 Vdc, Ie = 0) 2N3494, 2N3496 100 
(VcgB = 90 Vdc, IE = 0) 2N3495, 2N3497 100 
Emitter Cutoff Current nAdc 
(VBE = 3.0 Vdc, Ic = 0) 
ON CHARACTERISTICS 
DC Current Gain(1) hFE 
35 
40 
40 
40 
35 
VCE(sat) Vdc 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 2N3494, 2N3496 0.3 
2N3495, 2N3497 0.35 
Base-Emitter Saturation Voltage VBE(sat) Vde 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) . 
SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product(2) 


(Ic = 100 wAdc, VcgE = 10 Vdc) 
(I¢ = 1.0 mAdc, VcE = 10 Vdc) 

(Ic = 20 mAdc, Vcg = 10 Vdc, f = 100 MHz) 2N3494, 2N3496 
2N3495, 2N3497 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(I¢ = 10 mAdc, Ip = 0) _ 2N3494, 2N3496 
2N3495, 2N3497 


Collector-Base Breakdown Voltage 


tl 


(I¢ = 10 mAdc, VcE = 10 Vdc) 
(I¢ = 50 mAdc, Vcg = 10 Vde) 
(I¢ = 100 mAdc, VcgE = 10 Vdc) 


Collector-Emitter Saturation Voltage 


2N3494, 2N3496 


Output Capacitance 


(Veg = 10 Vdc, Ig = 0, f = 100 kHz) 2N3494, 2N3496 
2N3495, 2N3497 


Input Capacitance 
(VBE = 2.0 Vdc, Ic = 0, f = 100 kHz) 
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2N3494, 2N3495, 2N3496, 2N3497 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Turn-Off Time 
(Vcc = 30 Vde, Ic = 10 mAdc, Ip1 = lpg = 1.0 mAdc) 
(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle = 2.0%. 
(2) fy is defined as the frequency at which |hfg| extrapolates to unity. 


FIGURE 1 — TURN-ON TIME TEST CIRCUIT FIGURE 2 — TURN-OFF TIME TEST CIRCUIT 


I 
st< C5<3.00F -4505-<30 pF 
10 ps < ty < 500 ps ees | 
t2 <10ns 
t3 = 1.0 ms 
DUTY CYCLE < 10% 


trS 10 ns 
t7 < 10 ys 
DUTY CYCLE < 2.0% 
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Vcgs, COLLECTOR-EMITTER'SATURATION VOLTAGE (V) 


" ~ Ig—COLLECTOR CURRENT fay ‘Ta = FREE-AIR TEMPERATURE (°C) 
FIGURE 5 — heg versus Ic FIGURE 6 — Vge versus Ic 
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2N3494, 2N3495, 2N3496, 2N3497 


| FIGURE 7 — f; versus Ic _ FIGURE 8 — Cggo versus Vcg 
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FIGURE 9 — Cigo versus Veg 
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MAXIMUM RATINGS 2N3498 thru 2N3501 


Rating 


Collector-Emitter Voltage 
Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


JAN, JTX, JTXV AVAILABLE 
CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


GENERAL PURPOSE TRANSISTOR 


THERMAL CHARACTERISTICS NPN SILICON 


| Characteristic =| Symbol | 
Thermal Resistance, Junction to Case 35 
Thermal Resistance, Junction to Ambient 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Pe haracteristic | Symbot | Min’ | typ | Max [Unit _| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 2N3498, 2N3499 V(BR)CEO Vde 
(Ic = 10 mAdc, Ip = 0) 2N3500, 2N3501 
Collector-Base Breakdown Voltage 2N3498, 2N3499 V(BR)CBO Vde 
(Ic = 10 wAdc, IE = 0) 2N3500, 2N3501 
Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 wAdc, Ic = 0) 


Vdc 
Collector Cutoff Current ICBO pAdc 
0.050 
50 


(VcB = 50 Vdc, Ie = 0) 2N3498, 2N3499 
(Vcop = 50 Vde, Ie = 0, Ta = 150°C) 

(VcB = 75 Vdc, IE = 0) 

(VcB = 75 Vdc, Ie = 0, Ta = 150°C) 


2N3500, 2N3501 


ON CHARACTERISTICS 


DC Current Gain | 
(Ic = 0.1 mAdc, Veg = 10 Vdc) 2N3498, 2N3500 


2N3499, 2N3501 


(Ic = 1.0 mAdc, VcE 2N3498, 2N3500 


2N3499, 2N3501 


10 Vdc) 


(I¢ = 10 mAdc, VcE = 10 Vdc) 2N3498, 2N3500 
2N3499, 2N3501 


(Ic = 150 mAde, VcE = 10 Vdc) 2N3498, 2N3500 


2N3499, 2N3501 


10 Vdc) 2N3500 
2N3501 


(Ic = 300 mAdc, VcE 


(I¢ = 500 mAdc, VcE = 10 Vdc) 2N3498 15 

2N3499 20 
Collector-Emitter Saturation Voltage VCE(sat) 

(I¢ = 10 mAdc, lp = 1.0 mAdc) All Types 

(ic = 50 mAdc, Ig = 5.0 mAdc) All Types 

(Ic = 150 mAdc, Ip = 15 mAdc) 2N3500, 2N3501 

(I¢ = 300 mAdc, Ip = 30 mAdc) 2N3498, 2N3499 
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hee, OC CURRENT GAIN 
S 


2N3498 thru 2N3501 


ELECTRICAL CHARACTERISTICS een) (Ta = 25°C unless otherwise noted.) 


Pp haracteristic | Symbol | min | Typ | Max | Unit 


Base-Emitter Saturation Voltage | VBE(sat) Be 


(I¢ = 10 mAdc, IRB = 1.0 mAdc) All Types ) 
(I¢ = 50 mAdc, Ip = 5.0 mAdc) All Types 
(i¢ = 150 mAdc, Ig = 15 mAdc) 2N3500, 2N3501 


(I¢ = 300 mAdc, Ip = 30 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(VcE = 20 Vdc, Ic = 20 mAdc, f = 100 MHz) 


Output Capacitance 2N3498, 2N3499 
(VcR = 10 Vdc, Ie = 0, f = 100 kHz) 2N3500, 2N3501 


Input Capacitance 
(Vee = 0.5 Vdc, Ic = 0, f = 100 kHz) 


Input Impedance 2N3498, 2N3500 
(I¢ = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 2N3499, 2N3501 


Voltage Feedback Ratio 2N3498, 2N3500 
(ic = 10 mAdc, Vee = 10 Vdc, f = 1.0 kHz) 2N3499, 2N3501 


Small-Signal Current Gain 2N3498, 2N3500 
(I¢ = 10 mAdc, VcfF = 10 Vdc, f = 1.0 kHz) 2N3499, 2N3501 


Output Admittance 2N3498, 2N3500 
(I¢ = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 2N3499, 2N3501 


SWITCHING CHARACTERISTICS 


Delay Time td 20 
(I¢ = 150 mAdc, lpi = 15 mAdc, Vcc = 100 Vdc, VBE(off) = 2.0 Vdc) 
Rise Time 
(I¢ = 150 mAdc, lpi = 15 mAdc, Vcc = 100 Vde, VBE(off) = 2-0 Vdc) 
Storage Time 
(I¢ = 150 mAdc, Ig1 = IB2 = 15 mAdc, Vcc = 100 Vdc) 
Fall Time tf 
(I¢ = 150 mAdc, Ip1 = Ip2 = 15 mAdc, Vcc = 100 Vdc) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
(2) fF = hfel ¢ ftest- 


2N3498, 2N3499 


FIGURE 1 — CURRENT GAIN CHARACTERISTICS versus JUNCTION TEMPERATURE 
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2N3498 thru 2N3501 
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FIGURE 2 — CURRENT GAIN CHARACTERISTICS versus COLLECTOR-EMITTER VOLTAGE 
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FIGURE 3 — CURRENT GAIN CHARACTERISTICS versus JUNCTION TEMPERATURE 
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2N3498 thru 2N3501 
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FIGURE 4 — CURRENT GAIN CHARACTERISTICS versus COLLECTOR-EMITTER VOLTAGE 
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FIGURE 5 — “ON” VOLTAGES 
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2N3498 thru 2N3501 


hfe, SMALL-SIGNAL CURRENT GAIN 


hie, INPUT IMPEDANCE (k OHMS) 


AUDIO SMALL-SIGNAL h PARAMETER CHARACTERISTICS 
(VcE = 10 Vdc, Ta = 25°C, f = 1.0 kHz) 


FIGURE 8 — CURRENT GAIN 
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FIGURE 10 — INPUT IMPEDANCE 
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FIGURE 9 — OUTPUT IMPEDANCE 
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FIGURE 11 — VOLTAGE FEEDBACK RATIO 
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2N3506 
2N3507 


MAXIMUM RATINGS 


[anss0e | ansso7 [Unit 
[Golecormiter Vote ———*+dt ceo | 40 | 60 | vac 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS SWITCHING TRANSISTOR 


Characteristic 
Thermal Resistance, Junction to Case 


JAN, JTX, JTXV AVAILABLE 
CASE 79, STYLE 1 
TO-39 (TO-205AD) 


NPN SILICON 


Thermal Resistance, Junction to Ambient 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 2N3506 V(BR)CEO Vde 
(I¢ = 10 mAdc, pulsed, Ip = 0) 2N3507 

Collector-Base Breakdown Voltage 2N3506 V(BR)CBO 60 Vdc 
(i¢ = 100 wAdc, IE = 0) 2N3507 80 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(le = 10 wAdc, Ic = 0) 


Collector Cutoff Current ICEX pAdc 


(VCE = 40 Vdc, VEB(off) = 4-0 Vdc) 2N3506 
(VcE = 40 Vdc, VEB(off) = 4.0 Vde, Ta = 100°C) 
(VCE = 50 Vdc, VEB(off) = 4.0 Vdc) 2N3507 


(VcE = 60 Vdc, VEB(off) = 4.0 Vdc, Ta = 100°C) 


Base Cutoff Current 
(VcE = 40 Vdc, VEB(off) = 4.0 Vdc) 2N3506 
(VcE = 60 Vdc, VEB(off) = 4.0 Vdc) 2N3507 


ON CHARACTERISTICS 


DC Current Gain(1) 
(I¢ = 500 mAdc, VcE = 1.0 Vdc) 2N3506 
2N3507 


(Ic = 1.5 Adc, Vcg = 2.0 Vdc) 2N3506 

2N3507 
(ic = 2.5 Adc, Vcg = 3.0 Vdc) 2N3506 
; 2N3507 
(Ic = 3.0 Ade, Vcg = 5.0 Vdc) 2N3506 


2N3507 


(I¢ = 500 mAdc, Ip = 50 mAdc) 
(I¢ = 1.5 Ade, IRB = 150 mAdc) 
(I¢ = 2.5 Ade, IR = 250 mAdc) 


Base-Emitter Saturation Voltage(1) (Ic = 500 mAdc, IR = 50 mAdc) 
~ (I¢ = 1.5 Ade, Ig = 150 mAdc) 
(I¢ = 2.5 Adc, Ip = 250 mAdc) 


Collector-Emitter Saturation Voltage(1) 


VCE(sat) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product (Ic = 100 mAdc, VcgE = 5 Vdc, f = 20 MHz) 
Output Capacitance (Vcp = 10 Vdc, Ie = 0, f = 100 kHz) 


Input Capacitance (VpE = 3 Vdc, Ic = 0, f = 100 kHz) 
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2N3506, 2N3507 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit 


SWITCHING CHARACTERISTICS 


ee Time Ic = 1.5 Adc, Ip1 = 150 mAdc 
Vcc = 30V, Veg = OV 


Ic = 1.5 Adc, Ip1 = Ip2 = 150 mAdc 
Fall Time Vcc = 30V 
(1) Pulse Test: Pulse Width < 300 us, Duty Cycle = 2.0%. 


SATURATION VOLTAGES | SWITCHING TIMES 


ie 2 ee ee ee 
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MAXIMUM RATINGS 


2N3508 
2N3509 


CASE 26, STYLE 1 
TO-46 (TO-206AB) 


Collector-Base Voltage 
Emitter-Base Voltage 
Collector Current (10 ys pulse) (Peak) 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


SWITCHING TRANSISTOR 


NPN SILICON 


THERMAL CHARACTERISTICS 


Symbol 


Thermal Resistance, Junction to Case ReJc 
Thermal Resistance, Junction to Ambient ReJA 


Refer to 2N2368 for graphs. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Base Breakdown Voltage V(BR)CBO 
(I¢ = 10 »Adc, Ip = 0) 
Collector-Emitter Breakdown Voltage (1) V(BR)CEO 
(i¢ = 10 mAdc) 
Collector-Emitter Voltage V(BR)CES 
(I¢ = 10 wAdc, Ip = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 wAdc, ic = 0) 
Collector Cutoff Current 
(VcE = 20 Vdc, VEB(off) = 3.0 Vdc) 
Collector Cutoff Current 
(VcB = 20 Vdc) Both Types 


(VcB = 20 Vdc, Ta = 150°C) 2N3508 
2N3509 


DC Current Gain 
(I¢ = 10 mAdc, VcE = 1.0 Vdc) 2N3508 
2N3509 


1.0 Vde, Ta = —55°C) 2N3508 
2N3509 


(I¢ = 10 mAdc, VcE 


(I¢ = 100 mAdc, Vcg = 1.0 Vdc) 2N3508 
2N3509 


Collector-Emitter Saturation Voltage (1) 
(I¢ = 10 mAdc, IB = 1.0 mAdc) 
(I¢ = 100 mAdc, Ip = 10 mAdc) 


Base-Emitter Saturation Voltage (1) 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 


20 
30 
_ = 
VBE(sat) 
0.70 
(I¢ = 100 mAdc, Ip = 10 mAdc) 0.8 
SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance Cobo pF 
(Vcp = 5.0 Vdc, ig = 0, f = 140 kHz) 
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2N3508, 2N3509. 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 


Input Capacitance 7 
(VBE = 1.0 Vde, Ic = 0, f = 140 kHz) 


Small-Signal Current Gain 
(I¢ = 10 mAdc, VcE = 10 Vde, f = 100 MHz) 


SWITCHING CHARACTERISTICS 


Storage Time 
(ic = Ig1 = Ip2 = 10 mA) 


Turn-On Time 
(I¢ = 10 mA, lp1 = 3.0 mA, Vcc = 3.0 V, Vog = 1.5 V) 


‘Turn-Off Time 
(I¢ = 10 mA, lpi = 3.0 mA, Ip2 = 1.5 mA, Vcc = 3.0 V) 
Total Control Charge 
(ic = 10 mA, Ip = 1.0 mA, Vcc = 3.0 V) 
Delay Time — Vcc = 10 V, Veg = 2.0 V, 
Ic = 100 mA, Ip1 = 10 mA 


Rise Time 


Storage Time Vcc = 10 V 
Fall Time Ic = 100 mA, IB1 = Ip2 = 10 mA 


(1) Pulse Test: PW = 300 us, Duty Cycle < 2.0%. 
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2N3510 
2N3511 


MAXIMUM RATINGS 


2N3510 | 2N3511 
Rating Symbol | 2N3647 | 2N3648 


Collector-Emitter Voltage VCEO 


CASE 27, STYLE 1 
TO-52 (TO-206AC) 


2N3647 
2N3648 


CASE 26, STYLE 1 
TO-46 (TO-206AB) 


Ic 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C ; 

Total Device Dissipation @ Tc = 25°C 1.2 | Watts 
Derate above 25°C 11.43 6.9 mW/°C 
Operating and Storage Junction TJ. Tstg —65 to +200 °C 

Temperature Range 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(I¢ = 10 mAdc, Ip = 0) 2N3510, 2N3647 
2N3511, 2N3648 


SWITCHING TRANSISTOR 
NPN SILICON 


Collector-Base Breakdown Voltage 
(I¢ = 10 wAdc, Ip = 0) 
Emitter-Base Breakdown Voltage 
(IE = 10 wAdc, Ic = 0) 
Collector Cutoff Current 
(VcE = 10 Vdc, VEB(off) = 1.0 Vdc) 
(VcE = 10 Vdc, VEB(off) = 1.0 Vdc, Ta = 150°C) 
Base Cutoff Current 
(VcE = 10 Vdc, Vog = 1.0 Vdc) 
ON CHARACTERISTICS 
DC Current Gain 


(Ic = 1.0 mAdc, VcgE = 1.0 Vdc) 2N3510, 2N3647 
2N3511, 2N3648 


(i¢ = 10 mAde, Veg = 1.0 Vdc) 2N3510, 2N3647 
2N3511, 2N3648 


(ic = 150 mAdc, Veg = 1.0 Vdc) 2N3510, 2N3647 
2N3511, 2N3648 


(ic = 150 mAdc, VcE = 1.0 Vde, TA = —55°C) 2N3511, 2N3648 
(ic = 300 mAdc, VcE = 1.0 Vdc) 2N3510, 2N3647 


(I¢ = 500 mAdc, VcE = 1.0 Vdc) 2N3511, 2N3648 


Coilector-Emitter Saturation Voltage(1) VCE(sat) 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 
(I¢ = 150 mAdc, lg = 15 mAdc) 
(I¢ = 300 mAdc, Ip = 30 mAdc) 2N3510, 2N3647 
(I¢ = 500 mAdc, Ip -= 50 mAdc) 2N3511, 2N3648 
Base-Emitter Saturation Voltage(1) VBE(sat) 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 
(I¢ = 150 mAdc, Ig = 15 mAdc) 
(Ic = 300 mAdc, Ig = 30 mAdc) 2N3510, 2N3647 
(I¢ = 500 mAdc, Ip = 50 mAdc) 2N3511, 2N3648 
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2N3510, 2N3511 / 2N3647, 2N3648 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 
Pp Characteristic | Symbot | Min | Max | Unit _ 
SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 

(VcB = 10 Vdc, Ig = 0, f = 100 kHz) 
Input Capacitance 

(Vee = 0.5 Vdc, Ic = 0, f = 100 kHz) 


Input Impedance 
(Ic = 1.0 mA, VcE = 10 V, f = 1.0 kHz) 


Voltage Feedback Ratio 


(I¢ = 1.0 mA, VceE = 10 V, f = 1.0 kHz) 


Small-Signal Current Gain 


(ic = 15 mAdc, VcE = 10 Vdc, f = 100 MHz) 


2N3510, 2N3647 


2N3511, 2N3648 


(I¢ = 1.0 mA, Veg = 10 V, f = 1.0 kHz) 


Output Admittance 
(I¢ = 1.0 mA, VcE = 10 V, f = 1.0 kHz) 


SWITCHING CHARACTERISTICS 
Delay Time (I¢ = 150 mA, IB, = 15 mA, 2N3510, 2N3647 


Rise Time 


Vep = 0.5 V, Vcc = 6.0 V) 2N3511, 2N3648 
2N3510, 2N3647 
2N3511, 2N3648 


Storage Time (Ic = 150 mA, lpi = —IB2 = 2N3510, 2N3647 


Fall Time 


15 mA, Vcc = 6.0 V) 2N3511, 2N3648 
2N3510, 2N3647 
2N3511, 2N3648 


Turn-On Time (I¢ = 150 mA, Ip, = 15 mA, 2N3510, 2N3647 


Turn 


Total Control Charge 
(Ic = 150 mA, Ip = 15 mA, Vcc = 6.0 V) 


(1) Pulse Test: PW < 300 us, Duty Cycle < 2.0%. 


t,’, STORAGE TIME (ns) 


STORAGE TIME VARIATION 
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VeB = 0.5V, Vcc = 6.0 V) 2N3511, 2N3648 


-Off Time (ic = 150 mA, Igy = —IB2 = 2N3510, 2N3647 
15 mA, Vcc = 6.0 V) 2N3511, 2N3648 


LIMITS OF SATURATION VOLTAGE | 
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CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
; Operating and Storage Temperature Ty, Tstg | —65 to +200 
Temperature Range 
SWITCHING TRANSISTOR 


: Reet tt THERMAL CHARACTERISTICS 


Characteristic 
Thermal Resistance, Junction to Case 


Thermal Resistance, Junction to Ambient 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot_| Min | Max | Unit _| 


Collector-Emitter Breakdown Voltage (1) (Ic = 10 mAdc, Ip = 0) | Verceo | 12 | — | Vde | | 
Collector-Base Breakdown Voltage (Ic = 10 wAdc, Ie = 0): 
| Emitter-Base Breakdown Voltage (Ig = 10uAde,Ic= 0) | Mipryepo | 45 
| Base Cutoff Current (Vce = 10 Vdc, Vee(off) = 30Vde) | tev | 

Collector Cutoff Current (Vce = 10 Vdc, VBE(off) = 3.0 Vdc) | icex [| — | 0.010 


Collector Cutoff Current (Vcp = 10 Vdc) ICBO 
7 (Vcp = 10 Vdc, Ta = 150°C) 


ON CHARACTERISTICS 


DC Current Gain (1) 
(I¢ = 1.0 mAdc, Vcg = 1.0 Vdc) 
(Ic = 10 mAdc, VcE = 1.0 Vdc) 
(ic = 10 mAdc, Vcg = 1.0 Vdc, Ta = —55°C) 
(I¢ = 50 mAdc, VcgE = 1.0 Vde) 25 
(i¢ = 100 mAdc, VcE = 1.0 Vdc) 15 


Collector-Emitter Saturation Voltage (1) . VCE(sat) 
(I¢ = 10 mAdc, Ig = 1.0 mAdc) . 
(I¢ = 50 mAdc, Ip = 5.0 mAdc) 
(I¢ = 100 mAdc, Ig = 10 mAdc) 


Base-Emitter Saturation Voltage (1). VBE(sat) 
(I¢ = 10 mAdc, Ig = 1.0 mAdc) ~ 
(I¢ = 50 mAdc, Ip = 5.0 mAdc) 
(I¢ = 100 mAdc, Ip = 10 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(I¢ = 10 mAdc, Veg = 10 Vde, f = 100 MHz) 
Output Capacitance 

(VcB = 10 Vdc, IE = 0, f = 1.0 MHz) 


Input Capacitance 
(VBE = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 


OFF CHARACTERISTICS 
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2N3546 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 
| Characteristic | Symbot | Min | Max | Unit 
SWITCHING CHARACTERISTICS . . 


Delay Time Ic = 50 mA, lpi = 5.0 mA 
VBE = 2.0 V, Vcc = 3.0 V 


Ic = 50 mA, Ip1 = Iz = 5.0 mA 


Vcc = 3.0 V 


Turn-Off Time 


Total Control Charge 
(i¢ = 50 mA, IB = 5.0 mA, Vcc = 3.0 V) 


(1) Pulse Test: PW = 300 us, Duty Cycle < 2.0%. 


FIGURE 1 FIGURE 2 
LIMITS OF SATURATION VOLTAGES STORAGE TIME BEHAVIOR 
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FIGURE 3 FIGURE 4 FIGURE 5 
DELAY AND RISE TIME STORAGE AND FALL TIME SWITCHING TIME TEST CIRCUIT 
EQUIVALENT TEST CIRCUIT EQUIVALENT TEST CIRCUIT VBB -2V 
i -3V 


ay 
“Ts Cs < 20 pF 


1N916 | 
| 1 ke 
oe . = 
Vin +2 V +8.7V 
Oov-— 
OV = = PULSE WIDTH > 200 ns 
cei . opee RISE TIME < 2 ns 
-10.8 V Vin -11.3V Zin = 50 0 
PULSE WIDTH = 200 ns PULSE WIDTH = 200 ns ton: VBB= +3 V, Vin=-7 V 
RISE TIME < 2 ns RISE TIME < 2 ns tof: Vag = -4V. Vin= +6 V 
DUTY CYCLE < 10% DUTY CYCLE < 10% 


“OSCILLOSCOPE RISE TIME < 1 ns 
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2N3546 


’ FIGURE6 
MINIMUM CURRENT GAIN CHARACTERISTICS 


hee, DC CURRENT GAIN 


Ic, COLLECTOR CURRENT (mA) 
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2N3634 
thru 
2N3637 


JAN, JTX AVAILABLE 
MAXIMUM RATINGS CASE 79, STYLE 1 
TO-39 (TO-39-205AD) 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C ; mWw/°C 


Total Device Dissipation @ Tc = 25°C 5.0 Watts 
Derate above 25°C 28.6 mw/°C 

Operating and Storage Junction TJ, Tstg -65 to +200 °C 
Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot_| Min | Max | unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(I¢ = 10 mAdc, Ip = 0) 2N3634, 2N3635 
2N3636, 2N3637 


Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 100 wAdc, Ile = 0) 2N3634, 2N3635 
2N3636, 2N3637 


Emitter-Base Breakdown Voltage 
(IE = 10 pAdc, Ic = 0) 


Collector Cutoff Current 
(Vcp = 100 Vdc, IE = 0) 


GENERAL PURPOSE 
TRANSISTOR 


PNP SILICON 


ON CHARACTERISTICS 


DC Current Gain(1) 
(I¢ = 0.1 mAdc, VcgE = 10 Vdc) 2N3634, 2N3636 
2N3635, 2N3637 


(Ic = 1.0 mAdc, Veg = 10 Vdc) 2N3634, 2N3636 
2N3635, 2N3637 


(ic = 10 mAdc, VcE = 10 Vdc) 2N3634, 2N3636 
2N3635, 2N3637 


(ic = 50 mAdc, Vc = 10 Vdc) 2N3634, 2N3636 
2N3635, 2N3637 


(Ic = 150 mAde, VcE = 10 Vdc) 2N3634, 2N3636 
2N3635, 2N3637 


50 
Collector-Emitter Saturation Voltage(1) VCE(sat) 
(I¢ = 10 mAdc, Ig = 1.0 mAdc) 
(ic = 50 mAdc, Ig = 5.0 mAdc) 
Base-Emitter Saturation Voltage(1) VBE(sat) 
(i¢ = 10 mAdc, Ig = 1.0 mAdc) 
(I¢ = 50 mAdc, Ig = 5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(VcE = 30 Vdc, I¢ = 30 mAdc, f = 100-MHz) 2N3634, 2N3636 


2N3635, 2N3637 
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Characteristic _ 


2N3634 
ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Input Capacitance Cibo 


Output Capacitance Cobo 10 pF 
(VcB = 20 Vdc, IE = 0, f = 100 kHz) 


(VBE = 1.0 Vde, Ic = 0, f = 100 kHz) 


Input Impedance hie ohms 
(I¢ = 10 mAdc, VcgE = 10 Vdc, f = 1.0 kHz) 2N3634, 2N3636 100 600 
2N3635, 2N3637 200 1200 : 


Voltage Feedback Ratio 
(i¢ = 10 mAdc, VcgE = 10 Vde, f = 1.0 kHz) 


Small-Signal Current Gain 
(Ic = 10 mAdc, VcgE = 10 Vde, f = 1.0 kHz) 2N3634, 2N3636 
2N3635, 2N3637 


Output Admittance 
(I¢ = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 


Noise Figure 
(Ic = 0.5 mAdc, Vce = 10 Vde, Rg = 1.0 k ohms, f = 1.0 kHz) 


SWITCHING CHARACTERISTICS 


Turn-Off Time Ic = 50 mAdc, Ip1 = Ip2 = 5.0 mAdc) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 


FIGURE 1 — JUNCTION CAPACITANCE VARIATIONS 
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2N3634 
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FIGURE 4 — CURRENT GAIN CHARACTERISTICS versus COLLECTOR EMITTER VOLTAGE 
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FIGURE 5 — CURRENT GAIN CHARACTERISTICS versus JUNCTION TEMPERATURE 
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2N3634 


300 
Tf. LL 7 LDL 
Ts a es 
Sr 


ea ee EEN SS ee ee oe 


hee, DC CURRENT GAIN 


VAN 
ARUN 


10 2.0 3.0 50 7.0 10 20 30 
Ig, COLLECTOR CURRENT (mA) 
FIGURE 6 — CURRENT GAIN CHARACTERISTICS versus COLLECTOR EMITTER VOLTAGE 


Snir ae Sui Gs GEO 24 ¢ Ga Gl Ge EE 243696 243837 


S ——<——— = = en 
5 07 a a es a Oi Ea epee inc a Cn 
= eee FS (RRR cae [ae (a a FR ee ee. en ee eee, ee 
ae TORT ee OS 
2 po \ 
Z 03 An a De ee 
POC eee EST 


SSN 
ee N 


100 200 
Ic. COLLECTOR CURRENT (mA) 


FIGURE 7 — INPUT IMPEDANCE _ FIGURE 8 — OUTPUT IMPEDANCE 
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2N3634 


FIGURE 9 — CURRENT GAIN FIGURE 10 — VOLTAGE FEEDBACK RATIO 
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FIGURE 11 — SATURATION VOLTAGES FIGURE 12 — TEMPERATURE COEFFICIENTS 
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FIGURE 13 — SWITCHING TIME TEST CIRCUIT 
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FIGURE 14 — TURN-ON TIME VARIATIONS WITH VOLTAGE 
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FIGURE 15 — TURN-OFF TIME VARIATIONS WITH CIRCUIT GAIN* 
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‘CASE 26-03, STYLE 1 
TO-46 (TO-206AB) 


MAXIMUM RATINGS 


LOW POWER CHOPPER 
TRANSISTOR 


PNP SILICON 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Emitter-Collector Breakdown Voltage V(BR)ECS 20 V 
(Ic = 1.0 nA) 

Collector-Base Breakdown Voltage V(BR)CBO 30 V 
(I¢ = 1.0 mA) 

Emitter-Base Breakdown Voltage V(BR)EBO 30 
(Ig = 1.0 mA) 


V 
Collector Cutoff Current A 
(Veg = 30 V) 


Emitter Cutoff Current 
(VER = 30 V) 


ON CHARACTERISTICS 


Offset Voltage VEC(ofs) 1.0 mV 
(ig = 1.0 mA) 
Common-Collector static forward transfer ratio Nfe 4.0 
(IE = 1.0 mA, VEc = 6.0 V) 
On series resistance 0.1 ohms 
(IRB = 1.0 mA) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance Cobo pF 
(Vcp = 6.0 V, f = 159 kHz) 
Input Capacitance Cibo pF 
(Vep = 6.0 V, f = 159 kHz) 
Magnitude of Forward Current Transfer Ratio, Common-Emitter lhfe| Le ee 


(ic = 1.0 mA, Vcg = 6.0 V, f = 1.0 MHz) 
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2N3712 
CASE 79, STYLE 1 


TO-39 (205AD) 
MAXIMUM RATINGS 


Rating 


Collector Current — Continuous Le ee 

Total Device Dissipation @ Ta = 25°C 1.0 Watts 
Derate above 25°C 5.71 mWw/°C 

Total Device Dissipation @ Tc = 25°C 5.0 Watts 
Derate above 25°C 28.6 mWw/°C 

Operating and Storage Junction Ty, Tstg —65 to +200 °C 
Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 150 Vde 
(Ic = 30 mAdc, Ig = 0) 
Collector-Base Breakdown Voltage V(BR)CBO 150 Vde 
(Ic = 100 pAde, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 100 pAdc, Ic = 0) 
Collector Cutoff eae IcBo pAdc 
(VcB = 75 Vdc, IE = 
(VcB = 75 Vde, Ie = ; TA = 150°C) 
Emitter Cutoff Current pAdc 
(VBE = 4.0 Vdc, Ic = 0) 
ON CHARACTERISTICS 
DC Current Gain(1) | hFE 
(Ic = 10 mAdc, VcE = 10 Vdc) 25 
(I¢ = 30 mAdc, Vcf = 10 Vdc) 30 
Collector-Emitter Saturation Voltage(1) VCE(sat) Vdc 
(I¢ = 50 mAdc, Ip = 5.0 mAdc) 
Base-Emitter Saturation Voltage(1) VBE(sat) Vdc 
(I¢ = 50 mAdc, Ip = 5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 30 mAdc, VcE = 10 Vdc, f = 20 MHz) 


Output Capacitance 
(VcB = 20 Vdc, Ie = 0, f = 1.0 MHz) 


Input Capacitance 


AMPLIFIER TRANSISTOR 


NPN SILICON 


Refer to 2N3498 for graphs. 


OFF CHARACTERISTICS 


(VBE = 0.5 Vde, Ic = 0, f = 1.0 MHz) 


Small-Signal Current Gain 
(I¢ = 30 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 


Collector Base Time Constant 
(IE = 30 mAdc, Vcg = 10 Vdc, f = 31.9 MHz) 


(1) Pulse Test: Pulse Width < 300 ws, Duty Cycle = 2.0%. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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2N3724 
2N3725 


CASE 79-02, STYLE 1 
MAXIMUM RATINGS TO-39 (TO-205AD) 


Rating 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


SWITCHING TRANSISTOR 


NPN SILICON 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


[Characters dmb “| Min | ty | Mee | Une 


— pe f-|-| 
V(BR)CES Vde 
80 
50 
(ic = 10 pAde, IE = 0) 2N3725 


V(BR)CBO Vde 
80 
2N3724 50 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(lg = 10 wAdc, Ic = 0) 


Collector Cutoff Current 

(Vcg = 60 Vdc, Ie = 0) 2N3725 
(VcB = 40 Vdc, IE = 0) 2N3724 
(VcR = 60 Vde, IE = 0, Ta = 100°C) —-2N3725 
(VcB = 60 Vdc, Ig = 0, Ta = 100°C) 2N3724 


Collector Cutoff Current 

(VcE = 80 Vdc, Veg = 0) 2N3725 
(VcE = 50 Vdc, Veg = 0) 2N3724 
Base Current 

(VceE = 50 V, Veg = 0) 2N3724 
(VcE = 80 V, Veg = 0) 2N3725 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(Ii¢ = 10 mAdc, Ip = 0) 2N3725 
2N3724 


Collector-Emitter Breakdown Voltage 
(I¢ = 10 wAdc, Vee = 0) 2N3725 
2N3724 


Collector-Base Breakdown Voltage 


ON CHARACTERISTICS(1) 


DC Current Gain 
(I¢ = 10 mAdc, VcE = 1.0 Vdc) 
(Ic = 100 mAdc, Veg = 1.0 Vdc) 
(Il¢ = 100 mAdc, Vcg = 1.0 Vde, TA = —55°C) 
(Ic = 300 mAdc, Vc .= 1.0 Vdc) 
(I¢ = 500 mAdc, Vcg = 1.0 Vdc) 
(i¢ = 500 mAdc, Vcg = 1.0 Vdc, Ta = —55°C) 
(I¢ = 800 mAdc, Vcg = 2.0 Vdc) 
(I¢ = 1.0 Adc, VcgE = 5.0 Vdc) 


(I¢ = 800 mA, VcF = 2.0 V) 2N3725 20 
(Ic = 1.0 Adc, Vege = 2N3725 25 
Collector-Emitter Saturation Voltage VBE(sat) Vde 
(I¢ = 10 mAdc, lg = 1.0 mAdc) 2N3725 0.17 
2N3724 0.17 
SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N3724, 2N3725 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


(Ic = 100 mAdc, Ig = 10 mAdc) 2N3725 
| 2N3724 


(I¢ = 300 mAdc, Ip = 30 mAdc) 2N3725 
2N3724 


(I¢ = 500 mAdc, Ip = 50 mAdc) 2N3725 
2N3724 


(I¢ = 800 mAdc, Ip = 80 mAdc) 2N3725 
2N3724 


(i¢ = 1.0 mAde, ip = 100 mAdc) 2N3725 
2N3724 


Base-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ig = 1.0 mAdc) 
(I¢ = 100 mAdc, Ig = 10 mAdc) 
(I¢ = 300 mAdc, Ig = 30 mAdc) 

(i¢ = 500 mAdc, Ip = 50 mAdc) 

(I¢ = 800 mAdc, Ip = 80 mAdc) 

(ic = 1.0 Ade, Ip = 100 mAdc) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(I¢ = 50 mAdc, Vcg = 10 Vde, f = 100 MHz) 


7 BE 


Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 2N3725 


2N3724 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle = 1.0%. 
(2) fr = | hfe | * ftest: 


SWITCHING CHARACTERISTICS 


Delay Time 
(Vcc = 30 Vdc, VBE (off) = 3.8 Vdc, 


Rise Time ic = 500 mAdc, |g1 = 50 mAdc) 
(Figures 8, 10) 


(Vcc = 30 Vdc, !c = 500 mAdc, 
'g1 = 'g2 = 50 mAdc) 


(Figures 9, 10) 
Turn-Off Time 


/\ {LI 


Ic, COLLECTOR CURRENT (AMP) 


| 
| 
eet" 
ae 
— 
—S 
=m 
Pd 


Pulse Duty Cycle < 10% 
Applicable To Rated BVcEQ 


3.0 40 6.0 80 10 20 30 40 60 
VceE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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2N3724, 2N3725 


TYPICAL DC CHARACTERISTICS 


FIGURE 2 — DC CURRENT GAIN 
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FIGURE 4 — COLLECTOR SATURATION REGION 
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FIGURE 3 — “ON” VOLTAGES 
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FIGURE 5 — TEMPERATURE COEFFICIENTS 
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Ic, COLLECTOR CURRENT (mA) 


TYPICAL DYNAMIC CHARACTERISTICS 


FIGURE 6 — CURRENT-GAIN — BANDWIDTH PRODUCT 
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FIGURE 7 — CAPACITANCE 
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FIGURE 8 — TURN-ON TIME FIGURE 9 — TURN-OFF TIME 
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MAXIMUM RATINGS 


a ee 
Rating 2N3736 | 2N3737 
[aiectortmiter Votage ————*dt'~CVogo | 30 | 50 | vac 
(cine Saeielage ves ef 
[EmiverBese Votage ———~(| veg] 50 | Yao 
Plena one 


2N3734 
2N3735 


CASE 79, STYLE 1 
TO-39 (TO-205AD) 


2N3736 
2N3737 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Operating and Storage Junction Ty, Tstg -65 to +200 
Temperature Range 
THERMAL CHARACTERISTICS 
2N3734 | 2N3735 
Characteristic 2N3736 | 2N3737 
Thermal Resistance, Junction to Case R@Jc 0.044 0.088 
Thermal Resistance, Junction to Ambient R@JA 0.175 


CASE 26, STYLE 1 
TO-46 (TO-206AD) 


GENERAL PURPOSE TRANSISTOR 
NPN SILICON 


Refer to 2N3725 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | Max | Unit__ 


V(BR)CEO Vde 
30 
50 


V(BR)CBO Vde 
50 
75 
(VcE = 40 Vdc, Veg = 


: oo : 
ON CHARACTERISTICS 


DC Current Gain(1) 
(l¢ = 10 mAdc, VcE = 1 Vde) 
(I¢ = 150 mAdc, VcgE = 1 Vdc) 
(I¢ = 500 mAdc, VcgE = 1 Vdc) 
(ic = 1 Adc, Veg = 1.5 Vdc) 2N3734, 2N3736 
2N3735, 2N3737 
(I¢ = 1.5 Adc, Vcg = 5 Vdc) 2N3734, 2N3736 
2N3735, 2N3737 
Collector-Emitter Saturation Voltage(1) VCE(sat) 
(I¢ = 10 mAdc, Ip = 1 mAdc) 
(I¢ = 150 mAdc, Ip = 15 mAdc) 
(I¢ = 500 mAdc, Ip = 50 mAdc) 
(ic = 1 Adc, lp = 100 mAdc) 
Base-Emitter Saturation Voltage(1) VBE(sat) 
(I¢ = 10 mAdc, Ip = 1 mAdc) 
(I¢ = 150 mAdc, Ip = 15 mAdc) 
(I¢ = 500 mAdc, Ip = 50 mAdc) 
(I¢ = 1 Adc, Ig = 100 mAdc) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(Ic = 10 mAdc, Ip = 0) 2N3734, 2N3736 
2N3735, 2N3737 


Collector-Base Breakdown Voltage 
(I¢ = 10 wAdc, IE = 0) 2N3734, 2N3736 
2N3735, 2N3737 


Emitter-Base Breakdown Voltage 
(IE = 10 wAdc, Ic = 0) 


Collector Cutoff Current 


(VcE = 25 Vde, Veg = 2 Vdc) 2N3734, 2N3736 
(VCE = 25 Vdc, Veg = 2 Vdc, Ta = 100°C) 
(VcE = 40 Vdc, Veg = 2 Vdc) 2N3735, 2N3737 


(VCE = 40 Vdc, Veg = 2 Vde, Ta = 100°C) 


Base Cutoff Current 
(VCE = 25 Vdc, Veg 


2 Vdc) 2N3734, 2N3736 
2N3735, 2N3737 
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| 2N3734, 2N3735, 2N3736, 2N3737 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


| | Characteristic | Symbot_ | Min | Max | Unit __| 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 


| Input Capacitance 
(VBE = 0.5 Vdc, Ic = 0, f = 100 kHz) 


Small-Signal Current Gain 
(I¢ = 50 mAdc, Vcge = 10 Vde, f = 100 MHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Vcc = 30 V, VBE(off) = 2-0 V, Ic = 1.0 Amp, Igi = 100 mA) 


Turn-Off Time 


(Vcc = 30 V, VBE(off) = 2-0 V, Ic = 1.0 Amp, Ig1 = 100 mA) 


Total Control Charge 
(ic = 1 Amp, lg = 100 mA, Vcc = 30 V) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 2N3/42 
| Rating | Symbol | Value | Unit 
Vde 


Total Device Dissipation @ Ta = 25°C 1.0 Watt 
Derate above 25°C 5.71 mWw/°C 
Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
Operating and Storage Junction Ty, Tstg | —65 to +200 °C 
Temperature Range 
THERMAL CHARACTERISTICS 


Characteristic 
Thermal Resistance, Junction to Case 


Thermal Resistance, Junction to Ambient 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


AMPLIFIER TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


P haracteristic | Symbot | Min | Max [Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) Vdc 


Collector-Base Breakdown Voltage V(BR)CBO 300 Vdc 
(ic = 100 pAdc, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 7.0 Vdc 

(l—E = 100 wAde, Ic = 0) 

Collector Cutoff Current ICBO pAdc 
(Vcp = 200 Vdc, Ig = 0) 
(Veg = 200 Vdc, l— = 0, Ta = 100°C) 

Emitter Cutoff Current pAdc 
(VERB = 6.0 Vdc,ic = 0) © 

ON CHARACTERISTICS(2) 

DC Current Gain 
(I¢ = 3.0 mAdc, VcgE = 10 Vdc) 
(i¢ = 10 mAdc, Vcg = 10 Vdc) 


(i¢ = 30 mAdc, Vcg = 10 Vdc) 
(i¢ = 50 mAdc, Vcg = 20 Vdc) 
Collector-Emitter Saturation Voltage 

(I¢ = 10 mAdce, Ip = 1.0 mAdc) 
(I¢ = 30 mAdc, IB = 3.0 mAdc) 
Base-Emitter Saturation Voltage 
(I¢ = 10 mAdc, lp = 1.0 mAdc) 
(i¢ = 30 mAdc, Ip = 3.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(3) 

(I¢ = 10 mAdc, VcgE = 20 Vdc, f = 20 MHz) 
Output Capacitance 

(VcB = 10 Vdc, le = 0, f = 100 kHz) 
Input Capacitance 

(VEB = 0.5 Vdc, Ic = 0, f = 100 kHz) 
Input Impedance 

(Ic = 10 mAdc, Vcg = 10 Vde, f = 1.0 kHz) 
Voltage Feedback Ratio 

(Ic = 10 mAdc, Vcg = 10 Vde, f = 1.0 kHz) 


Small-Signal Current Gain 
(I¢ = 10 mAdc, Vcg = 10 Vdc, f = 10 kHz) 


V(BR)CEO 


hFE 


20 
i 
He 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N3742 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 


Output Admittance 

(I¢ = 10 mAdc, Vcge = 10 Vde, f = 1.0 kHz) 
Real Part of Input Impedance 
(I¢ = 10 mAdc, VcE = 10 Vdc, f = 5.0 MHz) 
(1) Pulse Test: Pulse Width < 30 ys, Duty Cycle < 1.0%. 
(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 


(3) ff is defined as the frequency at which |h¢e| extrapolates to unity. 


FIGURE 1 — DC CURRENT GAIN 
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ff, CURRENT-GAIN-BANDWIDTH PRODUCT (MHz) 
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| Symbot_| Min | Max | Unit 
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FIGURE 4 — TEMPERATURE COEFFICIENTS 


i ooo ea | 

Ht — eater Ses uat 
-1.6 6vB for VBE pal 

HHH meet ine co TT 
2A nae rit CT 
005 O17 02 0.5 50 
ic, ater Sante ee 


ov, TEMPERATURE COFFICIENTS (mV/°C) 


FIGURE 6 — CAPACITANCE 
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2N3743 


JAN, JTX AVAILABLE 
CASE 79, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


ee 

[Golecorsmiter Vote dtc | 800 

[colector-Base Voltage Sd Vgpg | 300 
[0 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 5 


Operating and Storage Junction Tj, Tstg | —65 to +200 °C 
Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 
Characteristic 


AMPLIFIER TRANSISTOR 


PNP SILICON 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vdc 
(Ic = 10 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 100 wAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 100 pAdc, Ic = 0) 

Collector Cutoff Current ICBO pAdc 
(VcB = 200 Vdc, IE = 0) 
(VcB = 200 Vdc, IE = 0, Ta = 100°C) 

Emitter Cutoff Current pAdc 
(VERB = 3.0 Vdc, Ic = 0) 

ON CHARACTERISTICS 


DC Current Gain(2) 


(Ic = 100 wAdc, VcE = 10 Vdc) 
(Ic = 1.0 mAdc, Vcge = 10 Vdc) 
(I¢ = 10 mAdc, VcgE = 10 Vdc) 


(I¢ = 30 mAdc, VcE = 10 Vdc) 
(Ic = 50 mAdc, VcE = 20 Vdc) 
Collector-Emitter Saturation Voltage(2) 
(Ic = 10 mAdc, Ip = 1 mAdc) 
(l¢ = 30 mAdc, Ip = 3 mAdc) 
Base-Emitter Saturation Voltage(2) 
(Ic = 10 mAdc, Ip = 1 mAdc) 
(I¢ = 30 mAdc, Ip = 3 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(VcB = 20 Vdc, Ie = 0, f = 100 kHz) 


Input Capacitance 
(VER = 1.0 Vdc, Ic = 0, f = 100 kHz) 


Input Impedance 
(VcE = 10 V, Ic = 10 mA, f = 1 kHz) 


Voltage Feedback Ratio 
(VCE = 10 V, Ic = 10 mA, f = 1 kHz) 


VCE(sat) - Vde 
8.0 
a Sri 


Small-Signal Current Gain 
(VcE = 10 V, Ic = 10 mA, f = 1 kHz) 
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2N3743 


ELECTRICAL CHARACTERISTICS feonunued) (Ta = 25°C unless otherwise noted.) 


Min 

Current Gain — High Frequency lhfel 
(Ic = 10 mAdc, Vcg = 20 Vdc, f = 20 MHz) 

Output Admittance 200 pmhos 
(VcE = 10 V, Ic = 10 mA, f = 1 1 kHz) 

Real Part of Input Impedance Re(hje) 
(I¢ = 10 mAdc, Vcg = 10 Vde, f = 5 MHz) 


(1) PW < 30 us, Duty Cycle < 1.0%. 
(2) PW < 300 us, Duty Cycle < 2.0%. 


JUNCTION CAPACITANCE GAIN-BANDWIDTH PRODUCT 
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2N3743 CURRENT GAIN CHARACTERISTICS versus COLLECTOR-EMITTER VOLTAGE 
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MAXIMUM RATINGS 


2N3762 
2N3763 


JAN, JTX, JTXV AVAILABLE 


2N3762 | 2N3763 
Rating Symbol | 2N3764 | 2N3765 
Collector-Emitter Voltage VCEO | 40 | 60 | Vdc | 


[Collector-Base Voltage | “Vcwo | 40 | 60 | Vo 
Seige ase Yotene —___|_veeo_ | _S0..___f_ ae 


Collector | Collector Current —Continuous — Continuous Adc 


2N3762 | 2N3764 
2N3763 | 2N3765 
Total Device Dissipation @ Ta = 25°C 1.0 0.5 Watt 
Derate above 25°C 5.71 2.86 mW /°C 
Total Device Dissipation @ Tc = Keo 8 4.0 2.0 Watts 
Derate above 25°C 22.8 11.4 mWw/°C 
Operating and Storage Junction TJ, Tstg —65 to +200 °C 
Temperature Range 
Lead Temperature TL +235 °C 
1/16” from Case for 10 Seconds 


THERMAL CHARACTERISTICS 


2N3762 | 2N3764 
Characteristic Symbol | 2N3763 | 2N3765 
Thermal Resistance, Junction to Case Re@Jc | 44 | ss | ecw | °C/W 
Thermal Resistance, Junction to Ambient ReJjA | 175 | 350 | °cw | 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(I¢ = 10 mAdc, Ip = 0) . 2N3762, 2N3764 
2N3763, 2N3765 


Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 10 pAdc, IE = 0) 2N3762, 2N3764 
2N3763, 2N3765 
Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 wAdc, Ic = 0) 


Collector Cutoff Current ICEX 
(VcE = 20 Vdc, VER = 2.0 Vdc) 2N3762, 2N3764 . : 
(VCE = 20 Vdc, Veg = 2.0 Vdc, Ta = 100°C) 
(VcE = 30 Vdc, Veg = 2.0 Vdc) 2N3763, 2N3765 . 0 
(VcE = 30 Vdc, Veg = 2.0 Vdc, Ta = 100°C) 


Base Cutoff Current 
(VcE = 20 Vdc, VER = 2.0 Vdc) 2N3762, 2N3764 
(VcE = 30 Vdc, Veg = 2.0 Vdc) 2N3763, 2N3765 


ON CHARACTERISTICS 


DC Current Gain(1) 
(I¢ = 10 mAdc, VcE = 1.0 Vdc) 
(I¢ = 150 mAdc, Vcf = 1.0 Vdc) 
(I¢ = 500 mAdc, VcE = 1.0 Vdc) 
(I¢ = 1.0 Adc, Veg = 1.5 Vdc) 2N3762, 2N3764 
2N3763, 2N3765 


CASE 79, STYLE 1 
TO-39 


2N3764 
2N3765 


CASE 26, STYLE 1 
TO-46 


SWITCHING TRANSISTOR 


PNP SILICON 


(I¢ = 1.5 Adc, Vcg = 5.0 Vdc) 2N3762, 2N3764 
2N3763, 2N3765 


20 

-Collector-Emitter Saturation Voltage(1) VCE(sat) 

(i¢ = 10 mAdc, Ip = 1.0 mAdc) | 

(I¢ = 150 mAdc, lp = 15 mAdc) 

(I¢ = 500 mAdc, Ip = 50 mAdc) 

(I¢ = 1.0 Adc, lg = 100 mAdc) 
Base-Emitter Saturation Voltage(1) VBE(sat) 

(I¢ = 10 mAdc, IB = 1.0 mAdc) 

(I¢ = 150 mAdc, IB = 15 mAdc) 

(I¢ = 500 mAdc, Ip = 50 mAdc) 

(i¢ = 1.0 Adc, Ig = 100 mAdc) 
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2N3762, 2N3763, 2N3764, 2N3765 


ELECTRICAL CHARACTERISTICS come (Ta = 25°C unless otherwise noted.) — 
[characteristic «dS Symbol Min Max [Unit 
SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 


Input Capacitance 
(Vge = 0.5 Vdc, Ic = 0, f = 100 kHz) 


Current Gain — High Frequency 
(I¢ = 50 mAdc, VcgE = 10 Vdc, f = 100 MHz) | 2N3762, 2N3764 
2N3763, 2N3765 


SWITCHING CHARACTERISTICS 


(Vcc = 30 V, VBE(off) = 2.0 V, 
Ic = 1.0 Amp, |p7 = 100 mA) 


(Vcc = 30 V, Ic = 1.0 Amp, 
Ip1 = —!p2 = 100 mA) 


Total Control Charge 
(I¢ = 1.0 Amp, Ip = 100 mA, Vcc = 30 V) 


(1) Pulse Test: PW < 300 us, Duty Cycle < 2.0%. 


“ON” CONDITION CHARACTERISTICS 
DC CURRENT GAIN 
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This graph shows the effect of base current on collector current. Bo (cur- 
rent gain at the edge of saturation) is the current gain of the transistor at 1 
volt, and Br (forced gain) is the ratio of Ic/Ipe in a circuit. EXAMPLE: For type 
2N3734, estimate a base current (Ig¢) townsure saturation at a temperature of 
25°C and a collector of 500 mA. 


Observe that at Ic = 500 mA an overdrive factor of at least 2.0 is required 
to drive the transistor well into the saturation region. From Figure 1, it is seen 
that hee @ 1 voit is typically 54 (guaranteed limits from the Table of Char- 
acteristics can be used for ‘‘worst-case’”’ design). 


0.4 


LE 
fe co ae a 
NG 
SSE oe 


Vee, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


0.2 a re) hee @ 1 Volt _ 54 = 
ee 
a 
1 4 5 
Bo/ Br, OVERDRIVE FACTOR 
MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


| 
| 4-148 


2N3762, 2N3763, 2N3764, 2N3765 
“‘ON’’ VOLTAGES : TEMPERATURE COEFFICIENTS 
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2N3762, 2N3763, 2N3764, 2N3765 


INPUT ADMITTANCE _ EFFECT OF BASE-EMITTER RESISTANCE 
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2N3762, 2N3763, 2N3764, 2N3765 


STORAGE TIME FALL TIME 
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2N3762, 2N3763, 2N3764, 2N3765 
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ACTIVE REGION SAFE OPERATING AREAS 


The Safe Operating Area Curves indicate IC — VcE limits 
below which the devices will not go into secondary break- 
down. As the safe operating areas shown are independent of 
temperature and duty cycle, these curves can be used as long 
as the thermal resistance (max rating table) is also taken into 
consideration to insure operation below the maximum 
junction temperature. 
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0 60 


SMALL-SIGNAL DEVICES 


2N3798 
2N3799 


MAXIMUM RATINGS 


2N3798 |2N3798A 
Peco [oa | vee 

Peso | 0 | a 
Tenia votags | veng [—20 
2 


Collector Current — Continuous Ic 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


AMPLIFIER TRANSISTOR 


PNP SILICON 


Rac 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(Ic = 10 mAdc, Ip = 0) 2N3798, 2N3799 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 10 pAdc, IE = 0) 2N3798, 2N3799 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 10 pAdc, Ic = 0) 


Collector Cutoff Current 

(Vcp = 50 Vdc, Ie = 0) 

(VcB = 50 Vdc, IE = 0, Ta = 150°C) 
Emitter Cutoff Current 
(VBE = 4.0 Vdc, Ic = 0) 
ON CHARACTERISTICS 
DC Current Gain(1) 
(I¢ = 1.0 wAdc, VcE = 5.0 Vdc) 2N3799 


OFF CHARACTERISTICS 


(ic = 10 pAdc, Veg = 5.0 Vdc) 2N3798 
2N3799 


(ic = 100 pAdc, Vee = 5.0 Vdc) 2N3798 
2N3799 


(ic = 100 pAdc, Vcg = 5.0 Vde, Ta = —55°C) 2N3798 


2N3799 


5.0 Vdc) 2N3798 
2N3799 


(Ic = 500 pAdc, Veg 


1.0 mAdc, Vcge = 5.0 Vdc) 2N3798 
2N3799 


(Ic 


10 mAdc, Vce = 5.0 Vdc) 2N3798 
2N3799 


Collector-Emitter Saturation Voltage(1) 
(I¢ = 100 wAdc, Ip = 10 wAdc) 
(I¢ = 1.0 mAdc, Ip = 100 »Adc) 


Base-Emitter Saturation Voltage(1) 


aa p= [ =) 
(ic = 100 wAdc, Ip = 10 Adc) 


VBE(sat) 
(i¢ = 1.0 mAdc, Ig = 100 nAdc) 
Base-Emitter On Voltage VBE(on) 0.7 Vdc 
(I¢ = 100 wAdc, VcE = 5.0 Vdc) 
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2N3798, 2N3799 


ELECTRICAL CHARACTERISTICS ou (Ta = 25°C unless otherwise noted.) 


a 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(I¢ = 500 wAdc, VcgE = 5.0 Vde, f = 30 MHz) 
(Ic = 1.0 mAdc, Vcge = 5.0 Vdc, f = 100 MHz) 


Output Capacitance 
(VcB = 5.0 Vde, IE = 0, f = 100 kHz) 


Input Capacitance 
(VpE = 0.5 Vdc, Ic = 0, f = 100 kHz) 


Input Impedance . 
(ic = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 2N3798 
2N3799 


Voltage Feedback Ratio 
(l¢ = 1.0 mAdc, Vcfe = 10 Vde, f = 1.0 kHz) 


Small-Signal Current Gain - 
(I¢ = 1.0 mAdc, VcgE = 10 Vde, f = 1.0 kHz) 2N3798 


2N3799 


Output Admittance 
(I¢ = 1.0 mAdc, VcgE = 10 Vde, f = 1.0 kHz) 


Noise Figure 
(I¢ = 100 wAdc, Veg = 10 Vde, Rg = 3.0 k ohms), 
= 100 Hz, B.W. = 20 Hz 2N3798 
2N3799 
Spot 
f = 1.0 kHz, B.W. = 200 Hz 2N3798 
Noise 2N3799 


f = 10 kHz, B.W. = 2.0 kHz 2N3798 
2N3799 


Broadband Noise-Bandwidth 10 Hz to 15.7 kHz 2N3798 
2N3799 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
(2) f7 is defined as the frequency at which |h¢¢| extrapolates to unity. 


SPOT NOISE FIGURE 
(VcgE = 10 Vde, Ty = 25°C) 


FIGURE 1 — SOURCE RESISTANCE EFFECTS, f = 1.0 kHz: FIGURE 2 — SOURCE RESISTANCE EFFECTS, f = 10 Hz 
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2N3798, 2N3799 
FIGURE 4a — TYPICAL CURRENT 


FIGURE 3 — FREQUENCY EFFECTS GAIN CHARACTERISTICS—2N3798 
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2N3946 
2N3947 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 


Collector-Emitter Voltage VCEO 
Collector-Base Voltage VcBO | 60 de 
Emitter-Base Voltage VEBO | 60 Vde 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Temperature Range 
GENERAL PURPOSE | 
TRANSISTOR THERMAL CHARACTERISTICS 


Symbol | Max _| 
Thermal Resistance, Junction to Case | Rec | 0.15 | 
Thermal Resistance, Junction to Ambient R@JA | 04g | 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | min | Max | Unit | 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vde 
(I¢ = 10 mAdc) 
| Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(ic = 10 pAde, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(Ile = 10 pAdc, Ic = 0) 


Collector Cutoff Current ICEX pAdc 
0.010 
15 


OFF CHARACTERISTICS 


(VcE = 40 Vdc, Vog = 3.0 Vdc) 
(VcE = 40 Vdc, Vog = 3.0 Vdc, Ta = 150°C) 


Base Cutoff Current IBL pAdc 
(VcE = 40 Vdc, Vopg = 3.0 Vdc) 


ON CHARACTERISTICS 


DC Current Gain(1) 
(I¢ = 0.1 mAdc, VcE 


1.0 Vdc) 2N3946 
2N3947 


1.0 Vdc) 2N3946 
2N3947 


(Ic = 1.0 mAdc, VcE 


(Ii¢ = 10 mAdc, VcgE = 1.0 Vdc) 2N3946 
2N3947 


(I¢ = 50 mAdc, Vcg = 1.0 Vdc) 2N3946 
2N3947 


20 
40 
pai Srke 
_ pe fe | 
Current-Gain — Bandwidth Product | fr 
(ic = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 2N3946 
2N3947 
Output Capacitance _ : Cobo pF 
(Vcp = 10 Vde, Ig = 0, f = 100 kHz) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


Collector-Emitter Saturation Voltage(1) 
(Ic = 10 mAdc, Ip = 1.0 mAdc) 
(Ic = 50 mAdc, Ip = 5.0 mAdc) 


Base-Emitter Saturation Voltage(1) 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 
(I¢ = 50 mAdc, Ip = 5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 
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2N3946, 2N3947 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic — Sento 


Input Capacitance Cibo 
(VBE = 1.0 Vdc, Ic = 0, f = 100 kHz) 
Input Impedance 
(Ic = 1.0 mA, VcgE = 10 V, f = 1.0 kHz) 2N3946 
2N3947 


mn 


x< 

_ 

i 
B= 


Voltage Feedback Ratio 
(i¢ = 1.0 mA, Veg = 10 V, f = 1.0 kHz) 2N3946 
2N3947 


Small Signal Current Gain 
(Ic = 1.0 mA, Vce = 10 V, f = 1.0 kHz) 2N3946 
2N3947 


hfe 


> 
= 
oO 
a 
N — 


Output Admittance 
(Ic = 1.0 mA, Vcg = 10 V, f = 1.0 kHz) 2N3946 
2N3947 


Noise Figure 
(I¢ = 100 pA, VcE = 5.0 V,R 


SWITCHING CHARACTERISTICS 


Delay Time Vcc = 3.0 Vdc, VoB = 0.5 Vdc, 


= 1.0 kO, f = 10 Hz to 15.7 kHz) 


2N3947 


Fall Time Ip1 = Ip2 = 1.0 mAdc 


(1) Pulse Test: PW < 300 us, Duty Cycle < 2%. 


TYPICAL SWITCHING CHARACTERISTICS 
(Ta= 25°C unless otherwise noted) 
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2N3946, 2N3947 
. STORAGE AND FALL TIMES 
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ER + be/ly = 10-+-*150°C ores 
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NOISE FIGURE VARIATIONS 
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2N3946, 2N3947 


h;, (Kohms) 


hee, CURRENT GAIN 


h PARAMETERS 


Vee = 10 V, Ta = 25°C, f = 1 Ke 
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MOTOROLA SEMICONDUCTORS 


2N3946, 2N3947 
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2N3946, 2N3947 
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MOTOROLA SEMICONDUCTORS 


2N3962 
2N3963 
2N3964 
2N3965 


MAXIMUM RATINGS 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


Total Device Dissipation 
@ Tp = 25°C 
Derate above 25°C 
Total Device Dissipation 
@ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Characteristic | Symbot_| min | Max [unit _| 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 

(I¢ = 5.0 ma) 2N3962, 2N3965 
2N3963 
2N3964 


AMPLIFIER TRANSISTOR 


PNP SILICON 


Refer to 2N3798 for graphs. 


V(BR)CEO 


Collector-Emitter Breakdown Voltage 

(Ic = 10 pA) . 2N3962, 2N3965 
2N3963 
2N3964 


Collector-Base Breakdown Voltage 
(I¢ = 10 pA) 2N3962, 2N3965 


V(BR)CES - Vde 
60 
80 
45 
-V(BR)CBO Vde 
60 
2N3963 
2N3964 


80 
45 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(Ic = 10 nA) 
“Nee SOY ne _ p= [e|™. 


(VcE = 50 V; 2N3964 = 40 V) _ -2N3965, 2N3962 
(VcE = 70 V) 2N3963 


Collector Cutoff Current ICES nAdc 
(VcE = 50 V) 2N3962 10 
(VcE = 70 V) 2N3963 10 
(VcE = 40 V) 2N3964 10 
(VceE = 50 V) 2N3965 10 


Emitter Cutoff Current nAdc 
(Veg = 4.0 V) 


ON CHARACTERISTICS 
DC Current Gain(1) . 
(Ic = 10 pA, VcE = 5.0 V) 2N3962, 2N3963 
2N3964, 2N3965 


(Ic = 100 nA, VcE = 5.0 V) 2N3962, 2N3963 
2N3964, 2N3965 


(I¢ = 1.0 mA, VcE = 5.0) 2N3962, 2N3963 
2N3964, 2N3965 


(ic = 10 wA, Voge = 5.0, Ta = —55°C) | 2N3962, 2N3963 
2N3964, 2N3965 
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2N3962, 2N3963, 2N3964, 2N3965 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 


1.0 mA, Vcg = 5.0 V, Ta = 100°C) 2N3962, 2N3963 


2N3964, 2N3965 


1.0 nA, Vce = 5.0 V) 2N3962, 2N3963 


2N3964, 2N3965 


(Ic = 


10 mA, Vcge = 5.0 V) 2N3962, 2N3963 
2N3964, 2N3965 


(Ic = 


50 mA, Vcge = 5.0 V) 2N3962, 2N3963 
2N3964, 2N3965 


(Ic = 


(ic = 50 mA, VcE = 5.0 V, Ta = —55°C) 2N3962, 2N3963 


2N3964, 2N3965 


Collector-Emitter Saturation Voltage 
(Ic = 10 mA, IB = 0.5 mA) 
(I¢ = 50 mA, IB = 5.0 mA)(1) 


Base-Emitter Saturation Voltage 
(Ic = 10 mA, IB = 0.5 mA) 


VCE(sat) 
0.25 
0.4 
VBE(sat) 
0.9 
(ic = 50 mA, Ip = 5.0 mA)(1) 0.95 
SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance Cobo pF 
(VcB = 5.0 V, f = 1.0 MHz) 

Input Capacitance Cibo pF 
(Veg = 0.5 V, f = 1.0 MHz) 


input Impedance hie | kQ 
2.5 17 
6.0 20 
Loeb |e ee | 


(ic = 1.0 MA, VcE = 5.0 V, f = 1.0 kHz) 2N3962, 2N3963 
2N3964, 2N3965 


Voltage Feedback Ratio 
(I¢ = 1.0 mA, Vee = 5.0, f = 1.0 kHz) 


Small-Signal Current Gain 
(Ic = 1.0 mA, VcE = 5.0 V, f = 1.0 kHz) 2N3962, 2N3963 
2N3964, 2N3965 


Magnitude of Forward Current Transfer Ratio, Common-Emitter 
(Ic = 0.5 mA, VcgE = 5.0 V, f = 200 MHz) 2N3962, 2N3963 
2N3964, 2N3965 


Output Admittance 
(l¢ = 1.0 mA, Vcge = 5.0, f = 1.0 kHz) 2N3962, 2N3963 
2N3964, 2N3965 


Noise Figure 
(I¢ = 20 mA, VcE = 5.0 V, BW = 15.7 kHz) 2N3962, 2N3963 
— 2N3964, 2N3965 


(ic = 20 WA, Vcg = 5.0 V, BW = 1.5 kHz, 2N3962, 2N3963 
f = 10 kHz, Rg = 10 kQ) 2N3964, 2N3965 


(Ic = 20 vA, Veg = 5.0 V, BW = 150 Hz, 2N3962, 2N3963 
f = 1.0 kHz, Rg = 10 kQ) 2N3964, 2N3965 


(I¢ = 20 vA, VcE = 5.0 V, BW = 15 Hz, 2N3962, 2N3963 
f = 100 Hz, Rg = 10 kQ) 2N3964, 2N3965 


(IC = 20 wA, VcE = 5.0 V, BW = 2.0 Hz, 2N3964, 2N3965 
f = 10 Hz, Rg = 10 kQ) 


(1) Pulse Test: PW < 300 us, Duty Cycle < 2%. 
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SR aR ee ge eee Soe,» ee, ae 


2N4013 
2N4014 


CASE 22, STYLE 1 


TO-18 (TO-206AA) 
MAXIMUM RATINGS 


Rating 


Total Device Dissipation @ Ta = 25°C ; 
Derate above 25°C : mw/°c 


Total Device Dissipation @ Tc = 25°C 1.4 Watts 
Derate above 25°C 6.8 mw/°C 
Operating and Storage Junction TJ, Tstg —65 to +200 °C 

Temperature Range 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(Ic = 10 mAdc, Ip = 0) 2N4014 
2N4013 


Collector-Emitter Breakdown Voltage V(BR)CES 
(I¢ = 10 Adc, VBE = 0) 2N4014 
2N4013 


Collector-Base Breakdown Voltage V(BR)CBO Vde 
(I¢ = 10 wAdc, IE = 0) 2N4014 
2N4013 50 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(l—E = 10 wAdc, Ic = 0) 


Collector Cutoff Current ICBO 
(VcgB = 60 Vdc, IE = 0) 2N4014 
(VcB = 40 Vdc, IE = 0) 2N4013 
(VcB = 60 Vdc, IE = 0, Ta = 100°C) © 2N4014 
(VcgB = 40 Vdc, Ie = 0, Ta = 100°C) 2N4013 


Collector Cutoff Current 
(VcE = 80 Vdc, Veg = 0) 2N4014 
(VcE = 50 Vdc, Veg = 0) 2N4013 


ON CHARACTERISTICS(1) 


SWITCHING TRANSISTOR 


NPN SILICON 


DC Current Gain 
(I¢ = 10 mAdc, VcgE = 1.0 Vdc) 
(I¢ = 100 mAdc, VcE = 1.0 Vdc) 
(I¢ = 100 mAdc, VcgE = 1.0 Vde, Ta = —55°C) 


(I¢ = 300 mAdc, Vcg = 1.0 Vdc) 

(Ic = 500 mAdc, Vcg = 1.0 Vdc) 

(Ic = 500 mAdc, VcF = 1.0 Vde, Ta = —55°C) | 

(I¢ = 800 mAdc, VcgE = 2.0 Vdc) 2N4014 
2N4013 


(ic = 1.0 Adc, VcgE = 5.0 Vdc) 2N4014 25 
2N4013 


30 
Coilector-Emitter Saturation Voltage VCE(sat) 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 2N4014 
2N4013 
(l¢ = 100 mAdc, lp = 10 mAdc) 2N4014 
2N4013 
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2N4013, 2N4014 


ELECTRICAL CHARACTERISTICS fe) (Ta = 25°C unless otherwise noted.) 


Thera «Symbian | yp | Mex | Une 
(Ic = 1.0 Ade, Ig = 100 mAdc) 2N4014 


(I¢ = 300 mAdc, Ip = 30 mAdc) 2N4014 
2N4013 


2N4013 

Base-Emitter Saturation Voltage VBE(sat) 
(I¢ = 10 mAdc, Ig = 1.0 mAdc) 
(i¢ = 100 mAdc, Ip = 10 mAdc) 
(I¢ = 300 mAdc, Ip = 30 mAdc) 
(I¢ = 500 mAdc, Ip = 50 mAdc) 
(i¢ = 800 mAdc, Ip = 80 mAdc) 
(Ic = 1.0 Adc, Ig = 100 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product(2) 
(I¢ = 50 mAdc, VcE = 10 Vdc, f = 100 MHz) 
Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 2N4014 
2N4013 


ll 
I 


500 mAdc, Ip = 50 mAdc) 2N4014 
2N4013 


(Ic 


800 mAdc, |p = 80 mAdc) 2N4014 
2N4013 


(Ic 


II 


Input Capacitance 
(VERB = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 


a CHARACTERISTICS 
|DelayTime si Time (Vcc = 30 Vdc, VBE(off) = 3-8 Vdc, 


Rise Time Ic = 500 mAdc, Ip1 = 50 mAdc) 
(Figures 8, 10) 
(Vcc = 30 Vde, Ic = 500 mAdc, 2N4014 


; Ip1 = Ip2 = 50 mAdc) 2N4013 

Fall T B1 = 'B2 

Turn-On Time (Vcc = 30 Vdc, VBE(off) = 3.8 Vdc, 
Ic = 500 mAdc, Ip1 = 50 mAdc) 
(Figures 8, 10) 

Turn-Off Time (Vcc = 30 Vde, Ic = 500 mAdc, 2N4014 
IB1 = IB2 = 50 mAdc) 2N4013 
(Figures 9, 10) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 1.0%. 
(2) fy = |hfel * frest- 


FIGURE 1 — ACTIVE-REGION SAFE OPERATING AREA 
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2N4013, 2N4014 


TYPICAL DC CHARACTERISTICS 


FIGURE 2 — DC CURRENT GAIN FIGURE 3 — “ON” VOLTAGES 
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TYPICAL DYNAMIC CHARACTERISTICS 


FIGURE 6 — CURRENT-GAIN — BANDWIDTH PRODUCT FIGURE 7 — CAPACITANCE 
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2N4013, 2N4014 


FIGURE 9 — TURN-OFF TIME 


FIGURE 8 — TURN-ON TIME 
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Ic, COLLECTOR CURRENT (mA) 


Ic, COLLECTOR CURRENT (mA) 


FIGURE 11 — COLLECTOR CUTOFF CURRENT 


FIGURE 10 — SWITCHING TIME TEST CIRCUIT 
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MAXIMUM RATINGS 


2N4026/28 | 2N4027/29 

Rating Symbol | 2N4030/32 Pa ae 
Collector-Emitter Voltage(1) VCEO | 60) {80 

Coliector-Base Voltage VCBO Pee |= [ae Vde 


Emitter Base Voltage | VeBo | 
Eo = 
Es aa 
‘Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C — 25 
Derate above 25°C 2. ze 7.15 aa 
Total Device Dissipation @ Tc = 25°C 2.0 7.0 
Derate above 25°C 11.4 — 40 Wee 
Operating and Storage Junction Ty, Tstg —65 to +200 
zones Range 


rile hea heh [Lead or Terminal Temperaturet2) | Tf #300 | 


CASE 79-02, STYLE 1 (1) Applicable 0 to 10 mA 
TO-39 (TO-205AD) (2) Measured at a distance not less than 1/16” from seated surface (or case) for 60 Sec. 


2N4026 thru 2N4033 


.2N4026-2N4029 
CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


JAN, JTX, TXV AVAILABLE IN 


2N4033 


THERMAL Eee 


Thermal Resistance, Junction to Case Re@Jc eee wee 
Thermal Resistance, Junction to Ambient Rg@JA 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


| Characteristic | Symbol | Min | Max | Unit _| 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO V 
(I¢ = 10 mA) '2N4026,28,30,32 60 
2N4027,29,31,33 80 
Collector-Base Breakdown Voltage V(BR)CBO V 
(i¢ = 10 pA) 2N4026,28,30,32 . 
2N4027,29,31,33 
Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 uA) 


Collector Cutoff Current 
(Vcp = 50 V) 2N4026,28,30,32 
(VcB = 60 V) 2N4027,29,31,33 
(VcB = 50 V, Ta = 150°C) 2N4026,28,30,32 
(Vcp = 60 V, Ta = 150°C) 2N4027,29,31,33 


Emitter Cutoff Current 
(Veg = 5.0 V) 
ON CHARACTERISTICS 
DC Current Gain 
(I¢ = 100 mA, VcE = 5.0 V, @ —55°C) 2N4026,27,30,31 
2N4028,29,32,33 


GENERAL PURPOSE TRANSISTOR 
PNP SILICON 


(Ic = 100 nA, Vcg = 5.0 V) 2N4026,27,30,31 
2N4028,29,32,33 


(ic = 100 mA, Vcg = 5.0 V) 2N4026,27,30,31 
2N4028,29,32,33 


(Ic = 500 mA, VcgE = 5.0 V) : 2N4026,27,30,31 
2N4028,29,32,33 


(Ic = 1.0 A, VcE = 5.0 V) 2N4026,30 
2N4027,31 
2N4028,32 
2N4029,33 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


4-168 


2N4026 thru 2N4033 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


-—________ __ terete, ___,_Synto)__tin__|_ Mas rit 


_ 


VBE(on) V 
1.2 
1.1 
SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance Cobo 
(VcE = 10 V, f = 1.0 MHz) 
Input Capacitance Cibo 
(VER = 0.5 V, f = 1.0 MHz) 
Small Signal Current Gain hfe 1.0 
(Ic = 50 mA, VcgE = 10 V, f = 100 MHz) 
SWITCHING CHARACTERISTICS 


Storage Time 
(I¢ = 500 mA, Ip1 = IB2 = 50 mA) 


Turn-On Time 


Collector-Emitter Saturation Voltage 
(Ic = 150 mA, Ip = 15 mA) 
(I¢ = 500 mA, Ip = 50 mA) 
(Ic = 1.0 A, Ip = 100 mA) 
Base-Emitter Saturation Voltage 
(I¢ = 150 mA, Ip = 15 mA) 
Base-Emitter On Voltage 

(i¢ = 1.0 A, Vce = 1.0 V) 2N4026,28,30,32 
(Ic = 500 mA, VcE = 0.5 V) 


2N4026,28,30,32 


(i¢ = 500 mA, Igy = 50 mA) 


Fall Time 
(Ic = 500 mA, Ip1 = IB2 = 50 mA) 


(3) Pulse Width = 300 us, Duty Cycle 1.0%. 
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MAXIMUM RATINGS 


| Symbol 


Collector-Emitter Voltage | VcEO 


Collector-Base Voltage VCBO 
Emitter-Base Voltage VEBO 


Base Current 


Collector Current — Continuous a a 
Continuous Power Dissipation 
at or Below Tc = 25°C 5.0 1.0 Watts 
_ Linear Derating Factor 28.6 5.72 mWw/°C 
Operating and Storage Junction Ty, Tstg -—65 to +200 4 
Temperature Range 
Lead Temperature TL i 
GENERAL PURPOSE 1/16” from Case for 10 Seconds 


enanereron THERMAL CHARACTERISTICS | 


Thermal Resistance, Junction to Case | Rac | 2 | — | °C/W 


(1) Must not be tested on a curve tracer. ; 


2N4036 — 
2N4037 


aos [aor [un 

40 
Rat 
— 
: 


Peo [va 
aes] 


dc 
dc 
dc 
dc 
dc 
Cc 

Cc 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol_| Min | Max | Unit _| 
(ic = 100 mAds, Ip = 0) 2N4036 


VCEO(sus) Vde 
2N4037 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(I¢ = 0.1 mA dc) 


Collector Cutoff Current mAdc 
100 
0.1 


(VcE = 85V,VpeE=1.5V) 2N4036 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 


(VcE = 30 V, Vee = 1.5 V, Tc = 150°C) 


Collector Cutoff Current 
(VcB = 90V, IE = 0) 2N4036 

(VcB = 60 V, IE = 0) 2N4037 

Emitter Cutoff Current 

- (VBE = 7.0 Vde, Ic = 0) 2N4036 

(VBE = 5.0 Vde, Ic = 0) 2N4037 


ON CHARACTERISTICS 
DC Current Gain 


(ic = 150 mAdc, Vcg = 2.0 V) | 2N4036 
(i¢ = 0.1 mAde, VcE = 10 V) 2N4036 
(ic = 1.0 mAdc, Vcg = 10 V) 2N4037__ 
(i¢ = 150 mAdc, VcE = 10 V) 2N4036 


2N4037 


(ic = 500 mAdc, Vcg = 10 V) 


Collector-Emitter Saturation Voltage 
(ic = 150 mA, Ip = 15 mA) 2N4036 


20 — 
_ VCE(sat) V 
0.65 
2N4037 1.4 
Base-Emitter Saturation Voltage VBE(sat) 1.4 V 
(Ic = 150 mA, lg = 15 mA) 2N4036 
Base-Emitter On Voltage VBE(on) 1.5 V 
(Ic = 150 mA, VcgE = 10 V) 2N4037 


SMALL-SIGNAL CHARACTERISTICS 


Collector-Base Capacitance 
(Vcp = 10 V, f = 1.0 MHz) 2N4037 


Current Gain — High Frequency 


2N4036 


(ic = 50 mA, Vcg = 10 V, f = 20 MHz) - 2N4036 
| 2N4037 
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2N4036, 2N4037 


ELECTRICAL CHARACTERISTICS conte) (Ta = 25°C unless otherwise noted.) 


Chante «Set [tan | ie 
SWITCHING CHARACTERISTICS : 

Rise Time (Ip1 = 15 mA) 2N4036 ee ae 
Storage Time (Iga = 15 mA) 2N4036 | ots Ul 6 CU | 00st ssid 
Fall Time (Iga = 15 mA) 2N4036 | te df CU] t00ssf ns 
Turn-On Time (Ip1 = Ip2) 2N4036 a ee eee 
umowirtne Mavs oo 


CURRENT GAIN CHARACTERISTICS 
versus COLLECTOR-EMITTER VOLTAGE DISSIPATION DERATING CURVE 


Reese eRe 
NERA ERESRE 
et Se ale 


> 
==) 


db 
=) 


sai MOTT MoH a satu 
ee aes 
\ ———— 
au 


hee, NORMALIZED DC CURRENT GAIN 
Pt, MAXIMUM TRANSISTOR DISSIPATION (W) 
> 
o 


ni ioe 
3.0 
2.0 
1.0 
a Sit at an a ; 
0.1 100 -75 -25 0 50 100 150 NI 
" COLLECTOR cuRRENT (mA) CASE OR AMBIENT TEMPERATURE (Tc OR Ta) -°C 
TYPICAL COLLECTOR-CUTOFF CURRENT TYPICAL SATURATION-VOLTAGE CHARACTERISTICS 


versus JUNCTION TEMPERATURE 


— COLLECTOR CURRENT (Ic) = 10 Ea! fee fee 
- ae ae ae BASE CURRENT (Ip) i ee Se Se 
fo Saeed eee 
Eis ee ee ee =e) ee 
- C—O i 
= 107 ee es ees cea gr OO eee 
5 SE = -400 7 ia] 
a (Seam ase ae) Gare Fac es ee ea 
Ew SSSS—= if > et 
= ee eee ee ge S 
oo SSeS * beter 
= [fp . 205 “0.18 026 0.35 

Pg 25 50 75 100 125 150 175 200 VCE(sat). COLLECTOR-TO-EMITTER SATURATION VOLTAGE (V) 


Ty, JUNCTION TEMPERATURE (°C) 
MAXIMUM SAFE OPERATING AREAS (SOA) 


Ic MAX. : 
TYPICAL SMALL SIGNAL BETA CHARACTERISTICS (CONTINUOUS) i eee =I 
“4 


1-—— a8 arerenon Gta oe as Secs 

50 Se eal 
COLLECTOR-TO-EMITTER VOLTAGE a+ a St Ni : 
FREQUENCY = 20 MHz = =a a cS =e ceitt) | 
Ss [ [800 as" NON i 

“ AMBIENT TEMPERATURE (Ta) = 25°C = \ 
ef TTT Se peane a NWN | 

[a wae © = jo 
2 = go c- —_| CASE TEMPERATURE (Tc) = 25°C | | 
ah UN F _9 1| (CURVES MUST BE DERATED LINEARLY NN | 
22 pu a a 0-1 WITH INCREASE OF TEMPERATURE) {+t : 
am = 60 Bo i ee ee ep 5 
ae UT | tes wae ane ee Q 
22 A | s [Oo tee i 
= a 40 yy P_| (2N4037) eel nl I 
SD i CMe ETT EET Hil 
| geen usd | LLM | LUI! 
‘ a -ootk sOMEPETIV PULSE 
10 ~10 ~100 -1000 © ~10 —100 
Ic, COLLECTOR CURRENT (mA) Vee, COLLECTOR-TO-EMITTER VOLTAGE (V) 
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2N4208 
2N4209 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) MAXIMUM RATINGS 


| Rating =| Symbol | 2nazos | 2Naz09| Unit _ | 
Collector-Emitter Voltage | Vcco | 12 | 15 | Vde | 
| Collector-Base Voltage | “Vcpo | (12 «| 15 | Vac | 
|Emitter-Base Voltage | “Vewo | 45 | Vide | 


Total Device Dissipation @ Ta = 25°C 0.30-0.36 Watt 
Derate above 25°C 1.72-2.06 mWw/°C 
Total Device Dissipation @ Tc = 25°C 0.70—1.2 Watts 
Derate above 25°C 4.0-6.9 mWw/°C 
Operating and Storage Junction Ty, Tstg —65 to +200 °C 
Temperature Range 
Refer to MM4257 for graphs. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


fF Characteristic | Symbot | min | typ | Max | Unit _| 


OFF CHARACTERISTICS 


2N420 
Collector-Emitter Breakdown Voltage (Ic = 100 wAdc, VBE = 0) 2N4208 | V(BR)CES 
. 2N4209 
Collector-Base Breakdown Voltage (ic = 100 wAdec, IE = 0) nazoa | erCB pee eS 
2N4209 


Emitter-Base Breakdown Voltage (lp = 100 wAdc, Ic = 0) | ViBRIEBO | 


Collector Cutoff Current (VcE = 6.0 Vdc, Vee = 0) 2N4208 
(VcE = 8.0 Vde, VBE = 2N4209 
(VcE = 6.0 Vdc, Vee = 0, Ta = 125°C) 2N4208 
(VcE = 8.0 Vde, Vee = 0, Ta = 125°C) 2N4209 


Base Current (Vcg = 6.0 Vdc, Vag = 0) 2N4208 nAdc 
(VcE = 8.0 Vde, VBE = 0) 2N4209 

ON CHARACTERISTICS 

DC Current Gain 


(ic = 1.0 mAde, Vcg = 0.5 Vdc) 2N4208 
2N4209 


SWITCHING TRANSISTOR 


PNP SILICON 


| 
= 


(Ic = 10 mAdc, Vce = 0.3 Vdc) 2N4208 
2N4209 


(Ic = 10 mAdc, Veg = 0.3 Vde, Ta = —55°C) 2N4208 
2N4209 


(ic = 50 mAde, VcE = 1.0 Vde)(1) 2N4208 30 
2N4209 


40 
Collector-Emitter Saturation Voltage VCE(sat) 
(I¢ = 1.0 mAdc, Ip = 0.1 mAdc) 2N4208 
2N4209 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) . 2N4208 
2N4209 
(I¢ = 50 mAdc, Ip = 5.0 mAdc)(1) 2N4208 
2N4209 
Base-Emitter Saturation Voltage VBE(sat) 
(Ic = 1.0 mAdc, Ip = 0.1 mAdc) 
(Ic = 10 mAdc, Ig = 1.0 mAdc) 07 75 . zo 
(I¢ = 50 mAdc, Ip = 5.0 mAdc)(1) 
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2N4208, 2N4209 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


| Characteristic | Symbot_ | Min | typ | Max | Unit | 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 10 mAdc, VcgE = 10 Vdc, f = 100 MHz) 2N4208 


fT MHz 
700 1000 
2N4209 850 1100 
Output Capacitance Cobo 

(Vcp = 5.0 Vdc, IE = 0, f = 140 kHz) 


Input Capacitance Cibo 
(VpE = 0.5 Vdc, Ic = 0, f = 140 kHz) 


SWITCHING CHARACTERISTICS 


Delay Time 


(Vcc = 1.5 Vdc, VBE =0, 
Ic = 10 mAdc, Ip, = 1.0 mAdc) 


Turn-Off Time 2N4208 
(Vcc = 1.5 Vde, 2N4209 

Storage Time Ic = 10 mAdc, 2N4208 
Ip1 = Ip2 = 1.0 mAdc) 2N4209 

Fall Time 2N4208 
2N4209 


Storage Time 
(I¢ = 10 mAdc, Ilgp1 =~ 10 mAdc, Ip2 ~ 10 mAdc) 2N4208 
2N4209 


(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 
(2) f7 is defined as the frequency at which |hfe| extrapolates to unity. 
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~ MAXIMUM RATINGS 


2N4234_ 
2N4235_— 
2N4236 


Collector Current — Continuous Ic Adc 
3.0* 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


Total Device Dissipation @ Ta = 
25°C 

Derate above 25°C 
Total Device Dissipation @ Tc = 
25°C 

Derate above 25°C 


F 


POWER TRANSISTOR 
PNP SILICON THERMAL CHARACTERISTICS 


Characteristic Symbol | Max =| Unit 
Thermal Resistance, Junction to Case Re@Jc 28 | °C/W 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic |_Symbot_| Min | Max | unit _| 


VCEO(sus) 40 Vdc 
60 
80 


mAdc 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage(1) 2N4234 
(I¢ = 100 mAdc, Ip = 0) 2N4235 
2N4236 


Collector Cutoff Current 
(VCE = 30 Vde, Ig = 0) 2N4234 
(VcE = 40 Vdc, Ip = 0) 2N4235 

(VcE = 60 Vdc, Ip = 0) 2N4236 


Collector Cutoff Current 
(VcE = 40 Vdc, Vee = 1.5 Vdc) 2N4234 


(VcE = 60 Vdc, Vee = 1.5 Vdc) 2N4235 
(VcE = 80 Vdc, Vee = 1.5 Vdc) 2N4236 
(VcE = 30 Vdc, Veg = 1.5 Vde, Tc = 150°C) 2N4234 
(VcE = 40 Vdc, Veg = 1.5 Vde, Tc = 150°C) 2N4235 


(VcE = 60 Vdc, VBE 


Collector Cutoff Current 

(VcB = 40 Vdc, IE = 0) 2N4234 
(VcB = 60 Vdc, IE = 0) 2N4235 
(VcB = 80 Vdc, Ip = 0) 2N4236 
Emitter Cutoff Current 
(VBE = 7 Vdc, Ic = 0) 
ON CHARACTERISTICS 


DC Current Gain(1) 


1.5 Vde, Tc = 150°C) 2N4236 


(Ic = 100 mAdc, VcE = 1.0 Vdc) 
(I¢ = 250 mAdc, Vcge = 1.0 Vdc) 
(I¢ = 500 mAdc, VcE = 1.0 Vdc) 


(Ic = 1.0 Adc, Vcg = 1.0 Vdc) | 10 — 
Collector-Emitter Saturation Voltage(1) VCE(sat) Vdc 
(I¢ = 1.0 Ade, Ig = 125 mAdc) 
Base-Emitter Saturation Voltage(1) VBE(sat) Vdc 
(I¢ = 1.0 Adc, lp = 100 mAdc) 
Base-Emitter On Voltage VBE Vde 
(I¢ = 250 mAdc, VcgE = 1.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 


(I¢ = 100 mAdc, VcE = 10 Vdc, f = 1.0 MHz) 
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2N4234, 2N4235, 2N4236 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 


Output Capacitance 


(Vcp = 10 Vdc, Ie = 0, f = 100 kHz) 


Small-Signal Current Gain 
(Ic = 50 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 


(1) Pulse Test: PW < 300 ys, Duty Cycle < 2.0%. 
*Indicates Data in addition to JEDEC Requirements. 


FIGURE 1 — POWER-TEMPERATURE DERATING CURVE 


Pp, POWER DISSIPATION (WATTS) 


TEMPERATURE (°C) 
Safe Area Curves are indicated by Figure 2. 
All limits are applicable and must be observed. 


FIGURE 2 — ACTIVE-REGION SAFE OPERATING AREAS 
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The Safe Operating Area Curves indi- 
cate lc —Vce limits below which the device 
will not enter secondary breakdown. Col- 
lector load lines for specific circuits must 
fall within the applicable Safe Area to 
avoid causing a catastrophic failure. To 
insure operation below the maximum Ty, 
power-temperature derating must be 
observed for both steady state and pulse 
power conditions. 
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MOTOROLA SEMICONDUCTORS 


2N4234, 2N4235, 2N4236 


ic, COLLECTOR CURRENT (mA) 


I, BASE CURRENT (mA) 


LARGE SIGNAL CHARACTERISTICS 


FIGURE 3 — TRANSCONDUCTANCE 
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FIGURE 4 — INPUT ADMITTANCE 
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“OFF’’ REGION CHARACTERISTICS 


FIGURE 5 — TRANSCONDUCTANCE 


| a oo 
Ty = +25°° p+ 
ay a OR 


Ty, JUNCTION TEMPERATURE (°C) 


SMALL-SIGNAL DEVICES 


2N4234, 2N4235, 2N4236 
FIGURE 7 — CURRENT GAIN 
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SATURATION REGION CHARACTERISTICS 


FIGURE 8 — COLLECTOR SATURATION REGION 


Ic = 100mA mA 
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FIGURE 9 — “ON” VOLTAGES | FIGURE 10 — TEMPERATURE COEFFICIENTS 
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2N4234, 2N4235, 2N4236 


DYNAMIC CHARACTERISTICS 


FIGURE 11 — TURN-ON TIME 
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FIGURE 12 — STORAGE TIME 
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FIGURE 13 CAPACITANCE 
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SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Leuns 


2N4238 
2N4239 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


Total Device Dissipation 
@ Ta = 25°C 

Derate above 25°C 

Total Device Dissipation 
@ Tc = 25°C 

Derate above 25°C 


GENERAL PURPOSE 
THERMAL CHARACTERISTICS - TRANSISTOR 


Characteristic Symbol | Max =| Unit NPN SILICON 
*Thermal Resistance, Junction to Case ReJc | ag 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol_| Min | Max | Unit 


VCEO(sus) 
ie 
80 
(VcE = 50 Vde, Veg = 1.5 Vde, Te = 150°C) 2N4238 


ICEX mAdc 
(VCE = 70 Vdc, Veg = 1.5 Vde, Tc = 150°C) 2N4239 1. 


Collector Cutoff Current | ICBO mAdc 
(Vcg = Rated Vcgo, le = 
(VcE = Rated VcgEo, IB = 
Emitter Cutoff Current mAdc 
(VEB = 6.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain(1) 
(I¢ = 50 mAdc, Vcg = 1.0 Vdc) 
250 mAdc, Vcg = 1.0 Vdc) 
500 mAdc, Vcf = 1.0 Vdc) 
(I¢ = 1.0 Ade, Vce = 1.0 Vde) 


15 

Collector-Emitter Saturation Voltage(1) VCE(sat) 

(I¢ = 500 mAdc, Ip = 50 mAdc) 

(ic = 1.0 Ade, Ig = 0.1 Adc) 
Base-Emitter Saturation Voltage(1) VBE(sat) 

(I¢ = 1.0 Adc, Ip = 0.1 Adc) 
Base-Emitter On Voltage(1) VBE(on) 

(I¢ = 250 mAdc, Vcg£ = 1.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance Cobo 
(VcB = 10 Vdc, Ic = 0, f = 0.1 MHz) 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage(1) 

(lc = 100 mAdc, Ip = 0) 2N4237 
2N4238 
2N4239 


Collector Cutoff Current 
(VceE = 50 Vdc, Vep 
(VcE = 80 Vdc, Vep 


Il 


1.5 Vdc) 2N4237 
1.5 Vdc) 2N4238 


100 Vdc, Veg = 1.5 Vdc) 2N4239 
30 Vde, Ven = 1.5 Vde, Tc = 150°C) 2N4237 


(VCE 
(VCE 


to 
oll 


Small Signal Current Gain 
(I¢ = 100 mAdc, Vcf£ = 10 Vdc, f = 1.0 kHz) 


Current Gain — High Frequency 


(VcE = 10 V, Ic = 100 mA, f = 1 MHz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle 2.0%. 
*Indicates Data in addition to JEDEC Requirements. 
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FIGURE 1 — POWER-TEMPERATURE DERATING CURVE 
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Safe Area Curves are indicated by Figure 5. All limits are applicable 
and must be observed. 


SWITCHING CHARACTERISTICS 
FIGURE 2 — SWITCHING TIME EQUIVALENT CIRCUIT FIGURE 3 — TURN-ON TIME 
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FIGURE aren SAFE INL AREAS 
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FIGURE 6 — STORAGE TIME 
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There are two limitations on the power han- 
dling ability of a transistor: junction temperature 
and secondary breakdown. Safe operating area 
curves indicate lc -—Ve¢ limits of the transistor that 
must be observed for reliable operation; i.e., the 
transistor must not be subjected to greater dissi- 
pation than the curves indicate. 

For this particular transistor family, the ther- 
mal curves are the limiting design values, except 
for a small portion of the dc curve. The pulse 
secondary breakdown curves are shown for 
information only. 


FIGURE 7 — FALL TIME 
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FIGURE § — COLLECTOR SATURATION REGION 
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_ FIGURE 10 — EFFECTS OF BASE-EMITTER RESISTANCE 
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FIGURE 12 — COLLECTOR CUTOFF REGION 
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FIGURE 11 — “ON” VOLTAGE 
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FIGURE 13 — TEMPERATURE COEFFICIENTS 
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2N4261 JAN, JTX AVAILABLE 
CASE 20, STYLE 10 
TO-72 


MAXIMUM RATINGS 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


SWITCHING TRANSISTOR 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


— Characteristic | Symbol] Min | Max [unit _| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage - V(BR)CEO — Vde 
(i¢ = 10 mAdc, IE = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 10 pAdc, IE = 0) ; 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(le = 10 wAdc,I¢ = 0) é 


Collector Cutoff Current 
(VcE = 10 Vdc, VBE(off) = 2.0 Vdc) 
(VcE = 10 Vdc, VBE(off) = 2.0 Vde, Ta = 150°C) 
(VcE = 10 Vdc, VeB(on) = 0.4 Vdc) 


Base Cutoff Current . IBL 
(VcE = 10 Vdc, VBE(off) = 2.0 Vdc) 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 1.0 mAdc, VcgE = 1.0 Vdc) 
(I¢ = 10 mAdc, Vcg = 1.0 Vdc) 
(Ic = 30 mAdc, Vcg = 2.0 Vdc) . 

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(ic = 1.0 mAdc, Ip = 0.1 mAdc) 
(Ic = 10:mAdc, lg = 1.0 mAdc) 

Base-Emitter On Voltage VBE(on) Vdc 
(ic = 1.0 mAdc, VcgE = 1.0 Vdc) . 0.8 as 
(I¢ = 10 mAdc, Vcg = 1.0 Vdc) | 1.0 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 5.0 mAdc, VcgE = 4.0 Vdc, f = 100 MHz) 2N4260 
. 2N4261 


(Ic = 10 mAdc, Veg = 10 Vdc, f = 100 MHz) - 2N4260 
2N4261 


Output Capacitance 


(Vog = 4.0 Vde, Ie = 0, f = 100 kHz) 


Input Capacitance 
(VBE = 0.5 Vdc, Ic = 0, f = 100 kHz) 


Current Gain — High Frequency 2N4260 
(Ic = 10 mAdc, VcgE = 10 Vdc, f = 100 MHz) 2N4261 | 
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ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 


Collector Base Time Constant 
(I¢ = 5.0 mAdc, VcE = 4.0 Vde, f = 31.8 MHz) 2N4260 


2N4261 


(ic = 10 mAdc, VcE = 10 Vdc, f = 31.8 MHz) 2N4260 
—o. 2N4261 


SWITCHING CHARACTERISTICS 


Fall Time 
Turn-On Time 
Turn-Off Delay Time 


FIGURE 1 — DC CURRENT GAIN 
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FIGURE 2 — COLLECTOR SATURATION REGION 


Ty.= 25°C 


This graph shows the effect of base current on collector voltage. 
Bo is the transistor current gain at the edge of saturation obtained 
from Figure 1, and 3, (forced gain) is the ratio of Io/Ige in a circuit. 
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FIGURE 4 — TEMPERATURE COEFFICIENTS 
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2N4260, 2N4261 
FIGURE 5 — FIGURE 6 — 
CURRENT-GAIN — BANDWIDTH PRODUCT COLLECTOR-BASE TIME CONSTANT 
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FIGURE 7 — SWITCHING TIMES . FIGURE 8 — CAPACITANCE 
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_ FIGURE 9 — CUT-OFF CHARACTERISTICS 
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The test circuit is designed to 
simulate a series of cascaded 
identical circuits, with input Z 


equal to output Z. e fe 
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2N4404 
2N4405 


CASE 79, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS = 
| Collector-Emitter Voltage =| ceo | 80 |e 
Collector-Base Voltage | Vcpo | 80 | vde | 


Emitter-Base Voltage VEBO ae Vde 


Collector Current — Continuous ee a ee ee 

Total Device Dissipation @ Ta = 25°C 1.25 _ Watts 
Derate above 25°C 7.15 mWw/°C 

Total Device Dissipation @ Tc = 25°C 8.75 Watts 
Derate above 25°C 50 mWw/°C 

Operating and Storage Junction Tj, Tstg | —65 to +200 cc 
Temperature Range . 

THERMAL CHARACTERISTICS 


__ Characteristic | Symbol | Max | Unit 
Thermal Resistance, Junction to Case Re@Jc eee 


Thermal Resistance, Junction to Ambient | Raga 


GENERAL PURPOSE TRANSISTOR 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) (Ic = 10 mAdc, Ip = 0) | Viprceo | 80 | — | Vde- | 
Collector-Base Breakdown Voltage (ic = 10 uAdc, Ie = 0) | WercBo | 80 | — | Vac | 
| Emitter-Base Breakdown Voltage (le = 10wAdc,ic=0) | pepo | 8.0 
[Collector Cutoff Current (Vep=60Vdcle=0) | tcp | 
Emitter Cutoff Current (VgE = 3.0 Vdc, Ic = 0) ee ee 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 0.1 mAdec, Veg = 5.0 Vdc) 2N4404 
2N4405 


(Ic = 10 mAdc, Veg = 5.0 Vdc) . 2N4404 
2N4405 


(I¢ = 150 mAdc, VcE = 5.0 Vdc)(1) 2N4404 
2N4405 


(I¢ = 500 mAdc, VcE = 5.0 Vdc)(1) 2N4404 
2N4405 


30 | 
50 _— 
Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 
(I¢ = 150 mAde, lg = 15 mAdc)(1) } 
(I¢ = 500 mAdc, Ip = 50 mAdc)(1) . 
Base-Emitter Saturation Voltage . | _ VBE(sat) Vdc 
(Ic = 10 mAdc, Ig = 1.0 mAdc) 
(Ic = 500 mAdc, Ig = 50 mAdc)(1) , 
Base-Emitter On Voltage | VBE(on) Vde 
(I¢ = 150 mAdc, Vcg = 1.0 Vdc) : 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(ic = 50 mAdc, VcE = 20 Vde, f = 100 MHz) 


Collector-Base Capacitance _ 


(VcB = 10 Vde, Ie = 0, f = 1.0 MHz). 


Emitter-Base Capacitance 
(VBE = 0.5 Vde, Ic = 0, f = 1.0 MHz) 
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ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | unit _| 


SWITCHING CHARACTERISTICS 


(Voc = 30 Vdc, I¢ = 500 mAdc, 
Fall Time Ip1 = Ip2 = 50 mAdc) 


(1): Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 


SWITCHING TIME EQUIVALENT TEST CIRCUITS 


FIGURE 1 — TURN-ON FIGURE 2 > TURNORE « 
2<t, <500us 7 
ty <5.0 ns 
tg >1.0uS Ro 2592 


DUTY CYCLE = 2.0% 


SCOPE SCOPE 


“TT 
-10.85 V 


PULSE WIDTH = 200 ns 
RISE TIME < 2.0 ns 
DUTY CYCLE < 2.0% 


To obtain data for curves, voltage levels are approximately as shown, Rp and Re are varied. 


TRANSIENT CHARACTERISTICS 
25.C ———100°C 
FIGURE 3 — CAPACITANCES FIGURE 4 — CHARGE DATA 
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FIGURE 7 — STORAGE TIME © | | FIGURE 8 — FALL TIME 
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NOISE FIGURE 
Voce = 10 Vdc, Ta = 25°C 


FIGURE 9 — FREQUENCY EFFECTS FIGURE 10 — SOURCE RESISTANCE EFFECTS 
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h PARAMETERS 
Voce = 10 Vde, f = 1.0 kHz, Ty, = 25°C 


This group of graphs illustrates the relationship of the “h’’ parameters for this series of transistors. To obtain these 
curves, 4 units were selected and identified by number — the same units were used to develop curves on each graph. 


FIGURE 11 — CURRENT GAIN FIGURE 12 — INPUT IMPEDANCE 


30 se 0 ee ee ee ee 


. 
Se En ne Gs SD 


200 ~ cle 
to = a | SSS eit BR eRel 
o wet S 70 oss tS ete 
3 i en nee Saas Pa |} 8 50 = S . 
= cae a Be ee a aeeae < CTT Ts 
Se eg ep Sy 
— = 
a maa oa Ps 
2 27 Ce eee ee Se SEE 
_ ft 207 ——— ee 
ry 0.5 Sees Sy se tS Ges GGG Ga =o SUS 
CATE ee eae Pe 
0.1 0.2 0.3 2.0 10 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 
Ic, eee aah ae Ie, COLLECTOR CURRENT (mA) 
MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


4-188 


2N4404, 2N4405 


FIGURE 13 — VOLTAGE FEEDBACK RATIO . FIGURE 14 — OUTPUT ADMITTANCE 
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FIGURE 15 — DC CURRENT GAIN > 
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FIGURE 16 — COLLECTOR SATURATION REGION 
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2N4404, 2N4405 
- FIGURE 17 — “ON” VOLTAGES 
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FIGURE 18 — TEMPERATURE COEFFICIENTS 
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RATINGS AND THERMAL DATA 
FIGURE 19 — SAFE OPERATING AREA 
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The safe operating area curves indicate le-Vee 


limits of the transistor that must be observed for re- 
liable operation. Collector load lines for. specific cir-. 
cuits must fall below the limits indicated by the ap- - 
plicable curve. 

The data of Figure 19 is based upon Ty(pk) = 
200° C; Tc is variable depending upon conditions. 
Pulse curves are valid for duty cycles to 10% pro- 
vided Tip k) S < 200°C. Ty(pk) may be calculated 
from the ets in Figure 20. At high case tempera- 

- tures, thermal limitations will reduce the power that 
H+ . can be. handled to values less than the limitations im- 
posed by second breakdown. 


50 70 100 
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2N4406 
2N4407 


MAXIMUM RATINGS 
| iRating =| Symbol | Value 
meme ee 
| Collector-Base Voltage = | =VcBO | OC 
Emitter-Base Voltage | Vepo | 50 | Vdc 


Total Device Dissipation @ Ta = 25°C* 1.25 Watts 
Derate above 25°C 7.15 mW/°C 


CASE 79, STYLE 1 
TO-39 (TO-205AD) 


Total Device Dissipation @ Tc = 2 
Derate above 25°C 


Operating and Storage Junction TJ, Tstg | 65 to +200 °C 
Temperature Range 
THERMAL CHARACTERISTICS 


Characteristic 


GENERAL PURPOSE 
TRANSISTOR 


PNP SILICON 


Thermal Resistance, Junction to Case 
Thermal Resistance, Junction to Ambient | Rea | 140 | 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Pe Characteristic | Symbol | Min | Max | Unit | 
(I¢ = 10 mAdsc, Ip = 0) V(BR)CEO 


Collector-Base Breakdown Voltage (ic = 10 uAdc, IE = 0) V(BR)CBO 


a eee 
a a 

| Emitter-Base Breakdown Voltage (le = 10uAdcic=0) | pryepo | 5.0 | | Vd 
ieee ae (a ae 
a ee ae 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 


Collector Cutoff Current (Vcpg = 60 Vdc, IE = 0) ICBO 


Emitter Cutoff Current (Vge = 3.0 Vdc, Ic = 0) 
ON CHARACTERISTICS 


DC Current Gain(1) 
(I¢ = 10 mAdc, VcgE = 5.0 Vdc) 2N4406 
2N4407 


(Ic = 150 mAdc, Vcg = 5.0 Vdc) 2N4406 
2N4407- 


= 5.0 Vdc) 2N4406 
2N4407 


(I¢ = 500 mAdc, VcE 


(Ic = 1.0 Adc, Vcg = 5.0 Vdc) 2N4406 


2N4407 


(Ic = 1.5 Adc, Vcg = 5.0 Vdc) 


Collector-Emitter Saturation Voltage 
(I¢ = 150 mAdc, Ip = 15 mAdc) 
(Ic = 500 mAdc, Ig = 50 mAdc) 
(I¢ =.1.0 Adc, Ip = 100 mAdc) 
(I¢ = 1.5 Adc, Ig = 150 mAdc) 


Base-Emitter Saturation Voltage — 
(i¢ = 150 mAdc, Ip = 15 mAdc) 


10 
aie : 
15 
wri 
(Ic = 1.0 Adc, Ip = 100 mAdc) 
(Ic = 1.5 Adc, lp = 150 mAdc) 


Base-Emitter On Voltage VBE(on) Vde 
(l¢ = 500 mAdc, VcgE = 1.0 Vdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 50 mAdc, VcgE = 20 Vdc, f = 100 MHz) 


Collector-Base Capacitance 


2N4406, 2N4407 


(VcB = 10 Vdc, ig = 0, f = 1.0 MHz) 


Emitter-Base Capacitance 
(VBE = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 
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|  2N4406, 2N4407 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


SWITCHING CHARACTERISTICS . : 


Delay Time (Vcc = 30 Vdc, VBE(off) = 2.0 Vde, 


Storage Time 


(Vcc = 30 Vde, Ic = 1.0 Ade, 


Fall Time Ip = IB2 = 100 mAdc) 


(1) Pulse Test: Pulse Width < 300 ps, Duty Cycle < 2.0%. 
*Indicates Data in addition to JEDEC Requirements. 
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2N4406, 2N4407 


STATIC CHARACTERISTICS 


FIGURE 1 — DC CURRENT GAIN FIGURE 2 — COLLECTOR SATURATION REGION 
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_ FIGURE 3 — “ON” VOLTAGES | FIGURE 4 — TEMPERATURE COEFFICIENTS 
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FIGURE 5 — SAFE OPERATING AREA 
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2N4406, 2N4407 


TRANSIENT CHARACTERISTICS 
25°C ——— 100°C 


FIGURE 7 - CAPACITANCES | 7 FIGURE 8 - CHARGE DATA. 
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as tae r+ ese rth 
a 1 rot 50 oc aS 2 oe — 
iat THT HT a : 
; 200 eon - Cae eH 
| er ce Soh HEHE oe Ee 
i ws === EE HEAP rt = ses = 
= 08d eo ane iw 5.0 
| < 50 2 Ait ieones Ht J 
E a 56 aceon 
< ag a a ae om 2 8 a 
S, S10 STEEL 
0 tt oot 
05 a 
‘ = ype Se 
Smee as a 
5.0 OO ee a Ol 6 0.1 Pa A Gl a 
0.1 0.2 05 1.0 2.0 5.0 10 20 50 100 10 2.0 5.0 10 20 50 §=6©100 =. 200 500 1000 
REVERSE VOLTAGE (VOLTS) Ic, COLLECTOR CURRENT (mA) 
FIGURE 10- TURN-OFF TIME 
1000 -—— 
700 
500 -—_ 1 
300 
= 200 
e = 
ws = 10 LJ 
= = 
sa Suse eseaseas 
30 | J ie 
- pis a 7 aan ae 
10 Ee 6 109 ea VTE 
10 20 30 £50 70 = 100 200 300 500 700 1000 
Ic, COLLECTOR CURRENT (mA) ic, COLLECTOR CURRENT (mA) 


SWITCHING TIME EQUIVALENT TEST CIRCUITS 


FIGURE 11 - TURN-ON TIME | FIGURE 12- TURN-OFF TIME 
300 | 30 
10< t} < 500 ps 
t2< 10ns 
t3> 1.0 us 
+2.0V 30.2 DUTY CYCLE < 2.0% 30 2 
—O0V 0 
SCOPE 
100 2 
WAV 
PULSE WIDTH = 200 ns 
RISE TIME © 2.0 ns = 
DUTY CYCLE < 2.0% +4.0V 
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2 N4453 For Specifications, See IN&69A Data. 


2N4890 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


GENERAL PURPOSE 
TRANSISTOR 


PNP SILICON 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Refer to 2N4033 for graphs. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Pp haracteristic | Symbol | Min | Typ | Max | Unit _| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) (Ic = 100 uAdc, Ig = 0) V(BR)CEO EO fe ee ll dle | 
Collector-Emitter Breakdown Voltage (Ic = 10 mAdc, RgE = 10 ohms) V(BR)CER | 50 | — | — | vac | 
Collector-Base Breakdown Voltage (Ic = 100 pAdc, IE = 0) V(BR)CBO | 6 | — | — | vac | 
Base Cutoff Current _(Vce = 60 Vdo, Vee(off) = 1.5 Vdc) | ee ee ee 
ON CHARACTERISTICS 
hFE 
25 130 bat 
= 150 mAdc, Vcge = 10 Vdc) 50 140 250 
= 500 mA, Vce = 5 Vdc(1) 15 — — 
Base-Emitter On Voltage VBE(on) 0.74 1.7 Vde 
(I¢ = 150 mAdc, VcE = 2.5 Vdc) 
SMALL-SIGNAL CHARACTERISTICS 
Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 140 kHz) 
SWITCHING CHARACTERISTICS 
Delay Time (Vcc = 30 Vdc, VBE(off) = 0.8 Vdc, 


Emitter-Base Breakdown Voltage (IE = 100 wAdc, Ic = 0) Vierjepo | 5.0 | — | — | Vac | 
DC Current Gain 
Collector-Emitter Saturation Voltage VCE(sat) 0.12 1.4 Vde 
(I¢ = 150 mAdc, Ip = 15 mAdc) 
Current-Gain — Bandwidth Product 
Input Capacitance 


Collector Cutoff Current (VcE = 60 Vdc, VBE(off) = 1.5 Vdc) | icex | — | — | 025 | wade | 
(I¢ = 150 mAdc, Vcg = 2.5 Vdc) 
Base-Emitter Saturation Voltage Eee oo Oe ae ar ee 
(Ic = 150 mAdc, Ig = 15 mAdc) 
(Ic = 50 mAdc, Vcge = 10 Vdc, f = 20 MHz) 
(VBE = 0.5 Vdc, I¢ = 0, f = 140 kHz) 


(Vcc = 30 Vdc, Ic = 150 mAdc, 
Fall Time IB1 = IB2 = 15 mAdc) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle < 2.0%. 
*Indicates Data in Addition to JEDEC Requirements. 
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2N4924 
2N492 5 MAXIMUM RATINGS 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


AMPLIFIER TRANSISTOR 


NPN SILICON 


THERMAL CHARACTERISTICS 


Symbol | Max | Unit 
Thermal Resistance, Junction to Case | Rec | 35 | cw O*T 
Thermal Resistance, Junction to Ambient RaJA 


Refer to 2N3498 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit _| 


nal 2 | = [| 
V(BR)CBO Vde 
(Ic = 10 wAdc, IE = 0) 2N4924 
2N4925 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(iE = 10 wAdc, Ic = 0) 


Collector Cutoff Current ICBO pAdc 
(Vcp = 50 Vdc, IE = 0) 
) 
Kd el ER hat 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 
(I¢ = 10 mAdc, Ig = 0) ; 2N4924 
2N4925 


Collector-Base Breakdown Voltage 


(VcB = 75 Vdc, Ie = 0 


Emitter Cutoff Current 
(VBE = 3.0 Vdc) 

ON CHARACTERISTICS 

DC Current Gain 
(I¢ = 1.0 mAdc, VcgE = 10 Vdc) 
(I¢ = 10 mAdc, VcE = 10 Vdc) 
(Ic. = 150 mAdc, Vcfe = 10 Vdc) 

Collector-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ip = 1.0 mAdc) 
(I¢ = 50 mAdc, Ip = 5.0 mAdc) 


Base-Emitter On Voltage 
(ic = 50 mAdc, Veg = 10 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product (2) 
(I¢ = 20 mAdc, VcE = 20 Vdc, f = 100 MHz) 


Collector-Base Capacitance 


(VcB = 20 Vdc, IE = 0, f = 140 kHz) 


Emitter-Base Capacitance 
(VEB = 1.0 Vde, Ic = 0, f = 140 kHz) 
(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
(2) f = |hfel © ftest- 
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2N4926 
2N4927 


MAXIMUM RATINGS 


CASE 79, STYLE 1 
TO-39 (TO-205AD) 


Collector Current — Continuous | ic | 

Total Device Dissipation @ Ta = 25°C Watt 
Derate above 25°C : ai mW/°C 

Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction Ty. Tstg —65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 


Characteristic Symbol | Max | 
Thermal Resistance, Junction to Case Re@Jc | 5 
Thermal Resistance, Junction to Ambient RJA ae 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


AMPLIFIER TRANSISTOR 


NPN SILICON 


Symbol | Min | Max [Unit __ 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 
(Ic = 10 mAdc, Ip = 0) 2N4926 
2N4927 


— al -|*. 


=m Firtia 
(VcB = 150 Vdc, IE 


ICBO pAdc 
0.1 
10 
0.1 
(VcB = 150 Vdc, IF 100°C) 10 


Emitter Cutoff Current pAdc 
(VBE = 5.0 Vdc) 


ON CHARACTERISTICS (1) 
DC Current Gain (I¢ = 3.0 mAdc, Vcge = 10 Vdc) hFE 
(Ic 10 mAdc, Vcfe = 10 Vdc) 
Base-Emitter Saturation Voltage (Ic = 10 mAdc, Ip = 1.0 mAdc) VBE(sat) 
(Ic = 50 mAdc, Ip = 3.0 mAdc) 


(I¢ = 30 mAdc, Vcge = 10 Vdc) 
Base-Emitter On Voltage (Ic = 30 mAdc, VcgE = 10 Vdc) VBE(on) ee eee 


Collector-Base Breakdown Voltage 
(I¢ = 0.1 mAdc, Ic = 0) 2N4926 
2N4927 


Emitter-Base Breakdown Voltage 
(IE = 0.1 mAdc, Ic = 0) 


Collector Cutoff Current 
(VcB = 100 Vdc, Ie = 0) 2N4926 
(VcgB = 100 Vdc, Ie = 0, Ta = 100°C) 


2N4927 


I 
2 


(Ic = 50 mAdc, Vcg = 20 Vdc) 


Collector-Emitter Saturation Voltage (Ic = 10 mAdc, Ip = 1.0 mAdc) 
(Ic = 30 mAdc, Ip = 3.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product (Ic = 10 mAdc, Vce = 20Vdc,f = 20MHz) | fr | 30 | 300 | MHz | 
Collector-Base Capacitance (Vcg = 20 Vdc, Ig = 0, f = 140 kHz) _ | Cp» | — | 6o | pF | 


Input Impedance (Ic = 10 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) hie 2000 ohm 
Voltage Feedback Ratio (Ic = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) bre =| 04 =| 20 ~=«| x 10-4 


Small-Signal Current Gain (Ic = 10 mAdc, VcgE = 10 Vdc, f = 1.0 kHz) hfe 
Output Admittance (Ic = 10 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 

Real Part of Input Impedance (Ic = 10 mAdc, VcgE = 20 Vdc, f = 5.0 MHz) 
(1) Pulse Test: Pulse Width =< 300 us, Duty Cycle < 2.0%. 
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2 ts aan cineede 1 tala bah on Rl 


2N4928 
thru 
2N4931 


MAXIMUM RATINGS 
2N4930 and 2N4931 JAN, JTX & 


JTXV AVAILABLE 
CASE 79, STYLE 1 


TO-39 (TO-205AD) 


Total Device Dissipation 
@ Ta = 25°C 
Derate above 25°C 
Total Device Dissipation 
@ Tc = 25°C 
Derate above 25°C 
Operating and Storage 


Junction Temperature 
Range 


1.0 1.0 1.0 | Watt 
5.71 | 5.71 5.71 |mwrc 
3.0 5.0 5.0 5.0 | Watt 
172 | 286 | 286 | 286 |mwrc 
Ty, Tstg -65 to +200 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


| Characteristic | Symbol | Min | Max__| Unit _| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vdc 
(Ic = 10 mAdc, Ip = 0) 2N4928 100 
2N4929 
2N4930 200 
2N4931 250 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(IE = 0, lc = 100 wAdc) 2N4928 100 
2N4929 150 
2N4930 200 
2N4931 250 


Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 100 wAdc, Ic = 0) 


Collector Cutoff Current ICBO 
(VcB = 50 Vdc, IE = 0) 2N4928 0.5 
(VcB = 75 Vdc, Ie = 0) 2N4929 0.5 
(VcB = 150 Vdc, IE = 0) 2N4930, 2N4931 1.0 


Emitter Cutoff Current 
FE 
20 — 
25 200 
20 200 
20 —_ 
20 — 
(Ic = 10 mAdc, IB = 1.0 mAdc) 2N4928, 2N4929 


(VBE = 3.0 Vdc, Ic = 0) 2N4928, 2N4929 
(VBE = 3.0 Vdc, Ic = 0) 2N4930, 2N4931 
VCE(sat) Vdc 
2N4930, 2N4931 
Base-Emitter On Voltage VBE(on) 1.0 Vde 
(Ic = 10 mAdc, VcE = 10 Vdc) 


GENERAL PURPOSE 
TRANSISTOR 


PNP SILICON 


Refer to 2N3494 for graphs for 2N4928.* 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 1.0 mAdc, VcE = 10 Vdc) All Types 


(I¢ = 10 mAdc, Vee = 10 Vdc)(1) 2N4928, 2N4929 
2N4930, 2N4931 


(Ic = 50 mAde, VcE = 10 Vde)(1) 2N4928, 2N4929 
(I¢ = 30 mAdc, Veg = 10 Vde)(1) 2N4930, 2N4931 


Collector-Emitter Saturation Voltage(1) 
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2N4928 thru 2N4931 


ELECTRICAL CHARACTERISTICS eoummued) (Ta = 25°C unless otherwise noted.) 
eel eee 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 20 mAdc, VcE = 20 Vdc, f = 100 MHz) 2N4928, 2N4929 
(i¢ = 20 mAdc, Vcg = 20 Vdc, f = 20 MHz) 2N4930, 2N4931 
Collector-Base Capacitance 
(VcB = 20 Vdc, Ie = 0, f = 140 kHz) 2N4928 
(VcB = 20 Vdc, Ie = 0, f = 140 kHz) 2N4929 
(VcB = 20 Vdc, Ie = 0, f = 140 kHz) 2N4930, 2N4931 
Emitter-Base Capacitance 
(VBE = 2.0 Vdc, Ic = 0, f = 140 kHz) ~ 2N4928 
(VBE = 1.0 Vdc, Ic = 0, f = 140 kHz) 2N4929 
(VBE = 0.5 Vdc, Ic = 0, f = 140 kHz) 2N4930, 2N4931 
(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 
Refer to 2N3634 for graphs for 2N4929. 
Refer to 2N3743 for graphs for 2N4930 and 2N4931. 
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MAXIMUM RATINGS 


eC 
[cotestoreminervotage +d vorg | 60 | 20 [|v 
[collectorEmiter Votge ~~~: 'Voeg “| 60 | 30 |v 
[colectorBese Votage ——~—~—~+dt'_vego | so | a | v 

SS SE SA 


Emitter-Base Voltage — V 
| Collector Current — Continuous 0* A 
(Pulse Width = 300 us, DC = 1%) 
Total Device Dissipation @ Ta = 25°C 1.0 Watts 
Derate above 25°C 5.72 mw/°C 
Total Device Dissipation @ Tc = 25°C 4.0 Watts 
Derate above 25°C 22.8 mWw/°C 
Operating and Storage Junction Ty, Tstg —65 to + 200 
Temperature Range 
Maximum Lead Temperature +300 °C 
(Soldering, 60 sec max) 
GENERAL PURPOSE | 
TRANSISTOR THERMAL CHARACTERISTICS 


Characteristic | Symbol | Max | Unit 
Thermal Resistance, Junction to Case Rg@Jc | 438 | °C/W 
Thermal Resistance, Junction to Ambient R@JA 


Refer to 2N3467 for graphs. *Indicates Data in Addition to JEDEC Requirements. 


2N5022 
2N5023 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | min | Max | unit _| 


a Pg |i [*) 
aad gi -| 0) 


V(BR)CBO V 
50 
30 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(i¢ = 100 wAdc) 2N5022 
2N5023 


Collector-Emitter Sustaining Voltage 
(I¢ = 10 mAdc) 2N5022 
2N5023 


Collector-Base Breakdown Voltage 
(I¢ = 100 Adc) 2N5022 
2N5023 


Emitter-Base Breakdown Voltage 
(IE = 100 wAdc) 


Collector Cutoff Current ICES 
(VCE = 30 Vdc) 2N5022 nA 
(VCE = 20 Vdc) 2N5023 pA 
(Ta = 100°Cdc) 


ON CHARACTERISTICS 


DC Current Gain(1) 
(I¢ = 100 mA, Vcg = 1.0 Vde) 2N5022 15 
2N5023 30 


(ic = 500 MA, Vcg = 1.0 Vdc) 2N5022 25 
2N5023 40 


(ic = 1.0 A, VcE = 5.0 Vde) 2N5022 25 
| 2N5023 40 


(I¢ = 500 ma, Vcg = 1.0 V, Ta = —55°C) 2N5022 | 10 
2N5023 


Collector-Emitter Saturation Voltage(1) VCE(sat) 
(Ic = 100 mAdc, Ig = 10 mAdc) 2N5022 
2N5023 
(I¢ = 500 mAdc, Ip = 50 mAdc) 2N5022 
2N5023 
(I¢ = 1.0 Adc, Ig = 100 mAdc) 2N5022 
2N5023 
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2N5022, 2N5023 


ELECTRICAL CHARACTERISTICS icomminuee (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot Min =| Max (Unt 
(I¢ = 1.0 Adc, lp = 100 mAdc) 


VBE(sat) 
; Ee 

SMALL-SIGNAL CHARACTERISTICS 
Collector-Base Capacitance 25 pF 

(VBE = 0.5 V, f = 100 kHz) 

Emitter-Base Capacitance Ceb pF 

(VpE = 0.5 V, f = 100 kHz) 

Small-Signal Current Gain 


(ic = 50 mA, Vcg = 10 V, f = 100 MHz) 2N5022 
2N5023 


Base-Emitter Saturation Voltage 
(Ic = 100 mAdc, ig = 10 mAdc) 
(i¢ = 500 mAdc, Ig = 50 mAdc) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(VcE = —30V, Ic ~ 500 mA, Ip ~ 50 mA) 


Turn-Off Time 
(VcE = 30 V, Ic ~ 500 mA, Ip1 = IB2 ~ 50 mA) 


(1) Pulse Width = 300 ws, Duty Cycle = 1.0%. 
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2N5058 
2N5059 


MAXIMUM RATINGS 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C : 
Total Device Dissipation @ Tc = 25°C Watts 
Derate above 25°C _— mw/°C 
Operating and Storage Junction TJ. Tstg —65 to +200 °C 
Temperature Range 
THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case Re@Jc | 30s | ecw 
Thermal Resistance, Junction to Ambient | Rea (1) | 150s | cw 


GENERAL PURPOSE TRANSISTOR 


NPN SILICON 


Refer to 2N3724 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot_ | min | Max | Unit | 


V(BR)CEO Vde 
300 
250 
oe Pm f - | 
(IE = 100 pAdc, Ic = 0) 2N5058 


V(BR)EBO Vde 
7.0 

2N5059 6.0 
0) ICBO pAdc 
0,Ta = +125°C) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (2) 
(Ic = 30 mAdc, Ip = 0) 2N5058 
2N5059 


Collector-Base Breakdown Voltage 
(Ic = 100 wAdc, IE = 0) 2N5058 
2N5059 


Emitter-Base Breakdown Voltage 


Collector Cutoff Current (Vcp = 100 Vdc, Ig 
| (VcB = 100 Vdc, Ie 


Emitter Cutoff Current (VBE = 5.0 Vdc, Ic = 0) | ieso | = | 10 | nade 


ON CHARACTERISTICS (2) 


DC Current Gain 
(I¢ = 5.0 mAdc, Vcg = 25 Vdc) 2N5058 
2N5059 


10 
10 


(Ic = 30 mAdc, VcE = 25 Vde) 2N5058 
2N5059 


35 
30 


(Ic = 30 mAde, VcE = 25 Vde, Ta = —55°C) 2N5058 10 


(ic = 100 mAdc, Veg = 25 Vdc) 2N5058 35 
2N5059 30 


Collector-Emitter Saturation Voltage (Ic = 30 mAdc, Ip = 3.0 mAdc) VCE(sat) | o— | 10 | Vvde | 
Base-Emitter Saturation Voltage (Ic = 30 mAdc, Ip = 3.0 mAdc) VBE(sat) | — | 085 | Vvde | 


Base-Emitter On Voltage (Ic = 30 mAdc, Vcg = 25 Vdc) VBE(on) | = | 082 | vdeo | 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product (3) (Ic = 10 mAdc, Vcg = 25Vde,f = 20MHz) fr «| = 30s«|_ Ss t60— | Msi 


Collector-Base Capacitance (Vcp = 10 Vdc, Ig = 0, f = 1.0 MHz) 


Emitter-Base Capacitance (Vpe = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 


(1) R@jA is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 
(3) fy is defined as the frequency at which the |h¢e| extrapolates to unity. 
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| 2N522S | 
2N5230 
2N5231 


MAXIMUM RATINGS CASE 26-03, STYLE 1 
TO-46 (TO-206AB) 


| Rating | Symbol | 21N5229 | 
-Eminerotectorvotge __f Veco | to_| 20 | Vde 
| 15 
| 15 


LOW POWER CHOPPER 
TRANSISTOR 


PNP SILICON 


Collector-Base Voltage VcBO 
Emitter-Base Voltage VEBO 
Total Device Dissipation 
@ Tc = 25°C 
Emitter-Collector Breakdown Voltage V(BR)ECO 
(IE = 10 pAdc, Ip = 0) 2N5229 
2N5230 
2N5231 
Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 10 Adc, IE = 0) 2N5229 
2N5230 
2N5231 


Collector Current — Continuous Fic | 
Total Device Dissipation 
0.5 Watt 
2.86 mWw/PC 
Derate above 25°C iow 
Operating and Storage Junction i ba Tstg —65 to +200 "CS 
Temperature Range 
Emitter-Base Breakdown Voltage | V(BR)EBO 
(IE = 10 wAdc, Ic = 0) 2N5229 15 
2N5230 30 
2N5231 50 
Collector Cutoff Current 


@ Ta = 25°C 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 
(VcR = 12 Vdc, Ip = 0) 2N5229 


Derate above 25°C 
Characteristic | Symbol | Min | Max | Unit 
OFF CHARACTERISTICS 
(VcB = 25 Vdc, Ie = 0) 2N5230 


(VcB = 40 Vdc, IE = 0) 2N5231 


Emitter Cutoff Current 
(VERB = 12 Vdc, Ic = 0) 2N5229 
(VER = 25 Vdc, Ic = 0) 2N5230 
(VER = 40 Vdc, Ic = 0) 2N5231 
ON CHARACTERISTICS 
DC Current Gain 
(I¢ = 100 wAdc, VcE = 1.0 Vdc) 
(I¢ = 200 wAdc, VcE = 0.5 Vdc) (Inverted Connection) 
Offset Voltage 


(ip = 100 wAdc, IE = 0) 2N5229, 2N5230, 
2N5231 


(Ip = 1.0 mAdc, IE = 0) 2N5229, 
2N5230, 2N5231 


SMALL-SIGNAL CHARACTERISTICS 


Collector-Base Capacitance 


i Cob 
(VcB = 10 Vdc, IE = 0, f = 140 kHz) 
Emitter-Base Capacitance Ceb pF 
(VEB = 10 Vde, Ic = 0, f = 140 kHz) 
Small Signal Current Gain 
(i¢ = 1.0 mAdc, Vcg = 5.0 Vdc, f = 4.0 MHz) 
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2N5229, 2N5230, 2N5231 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 


“ON” Series Resistance 


(Ip = 1.0 mAde, Iz = 0, le = 100 A RMS, f = 1.0 kHz) 


2N5229 
2N5230 


2N5231 


Vec, EMITTER-COLLECTOR VOLTAGE (mV) 


Tec(ON). EMITTER- COLLECTOR “ON” RESISTANCE (OHMS) 


hee, DC CURRENT GAIN 


TYPICAL CHARACTERISTICS 


FIGURE 1 — EMITTER-COLLECTOR VOLTAGE 
versus BASE CURRENT 
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FIGURE 3 — EMITTER-COLLECTOR “ON” RESISTANCE 
versus BASE CURRENT 
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FIGURE 2 — EMITTER-COLLECTOR VOLTAGE 
versus JUNCTION TEMPERATURE 
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FIGURE 4 — EMITTER-COLLECTOR “ON” RESISTANCE 
TEMPERATURE COEFFICIENT versus BASE CURRENT 
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FIGURE 7 — COLLECTOR CUTOFF CURRENT versus FIGURE 8 — EMITTER CUTOFF CURRENT versus 
JUNCTION TEMPERATURE JUNCTION TEMPERATURE 
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2N5320 
2N5321 


MAXIMUM RATINGS 


CASE 79, STYLE 1 


TO-39 (TO-205AD) Gas 


Emitter-Base Voltage Vepo | 7.0 | 50 | Vde | 
|BaseCurrent || | | eC 
Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C 


Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


SWITCHING TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | Max | Unit 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voitage 
(I¢ = 100 mAdc, Ip = 0) 2N5320 
2N5321 


Collector Cutoff Current 
(VcE = 100 Vdc, Vge = 1.5 Vdc) 2N5320 
(VcE = 70 Vdc, Vege = 1.5 Vde, Tc = 150°C) 
(VcE = 75 Vde, Vee = 1.5 Vdc) 2N5321 
(VcE = 45 Vdc, Vee = 1.5 Vdc, Tc = 150°C) 


Emitter Cutoff Current 


(VBE = 7.0 Vdc, Ic = 0) 2N5320 
(VBE = 5.0 Vdc, Ic = 0) 2N5321 


ON CHARACTERISTICS(1) 


DC Current Gain 
(I¢ = 500 mAdc, VcgE = 4.0 Vdc) 2N5320 
2N5321 


(Ic = 1.0 Ade, Veg = 2.0 Vdc) 2N5320 10 


Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 500 mAdc, Ip = 50 mAdc) 2N5320 
2N5321 

Base-Emitter On Voltage VBE(on) 
(I¢ = 500 mAdc, VcE = 4.0 Vdc) . 2N5320 
2N5321 


SMALL-SIGNAL CHARACTERISTICS 


Small-Signal Current Gain 
(I¢ = 50 mAdc, VcgE = 4.0 Vdc, f = 10 MHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Vcc = 30 Vde, Ic = 500 mAdc, Ip; = 50 mAdc) 


Turn-Off Time 
(Vcc = 30 Vde, Ic = 500 mAdc, Ip1 = Ip2 = 50 mAdc) 


(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 
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2N5230, 2N5231 


TYPICAL INPUT CHARACTERISTICS TYPICAL TRANSFER CHARACTERISTICS 
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2N5322 
2N5323 


MAXIMUM RATINGS 


| Rating | Symbot | 2tvss2z | 2naz3| Unit _| 
|Collector-EmitterVottage | ceo | 75 | 50 | Vie | 
[Collector-Base Voltage | “Veo | 100 | 75 | Vdc 
|Emitter-BaseVoltage | “Vepo | 7.0 | 50 | Vdc 
a ae 


CASE 79-02, STYLE 1 
- TO-39 (TO-205AD) 


Base Current 


|BaseCurrent 
Collector Current — Continuous 
Total Device Dissipation @ Tc = 25°C 10 Watts 
Derate above 25°C 0.057 WFC 
Operating and Storage Junction Ty, Tstg —65 to +200 °C 
Temperature Range 
PNP SILICON THERMAL CHARACTERISTICS 


Symbol | Max | Unit 
Thermal Resistance, Junction to Case R@JCc 


SWITCHING TRANSISTOR 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | Max | Unit_| 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(I¢ = 100 mAdc, Ip = 0) 2N5322 
2N5323 


Collector Cutoff Current 
(VcE = 100 Vdc, Veg = 1.5 Vdc) 2N5322 
(VceE = 70 Vdc, Vee = 1.5 Vdc, Tc = 150°C) 
(VceE = 75 Vde, Vee = 1.5 Vde) 2N5323 
(Vce = 45 Vdc, Veg = 1.5 Vdc, Tc = 150°C) | 


Emitter Cutoff Current 
(VBE = 7.0 Vdc, Ic = 0) 2N5322 
(VBE = 5.0 Vdc, Ic = 0) 2N5323 


ON CHARACTERISTICS(1) 


DC Current Gain 
(I¢ = 500 mAdc, Vcg = 4.0 Vdc) 2N5322 
2N5323 


(Ic = 1.0 Adc, Veg = 2.0 Vdc) 2N5322 


Collector-Emitter Saturation Voltage 
(I¢ = 500 mAdc, Ip = 50 mAdc) 2N5322 
2N5323 


Base-Emitter On Voltage 
(I¢ = 500 mAdc, VcgE = 4.0 Vdc) 2N5322 
2N5323 


SMALL-SIGNAL CHARACTERISTICS 


Small-Signal Current Gain 
(Ic = 50 mAdc, VcgE = 4.0 Vdc, f = 10 MHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Vcc = 30 Vdc, Ic = 500 mAdc, Igp1 = 50 mAdc) 


Turn-Off Time 
(Vcc = 30 Vdc, Ic = 500 mAdc, Ip; = Ip2 = 50 mAdc) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


4-208 


2N5322, 2N5323 


TYPICAL INPUT CHARACTERISTICS TYPICAL TRANSFER CHARACTERISTICS 
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2 N5679 | MAXIMUM RATINGS 


205680 [on S| 
Rating Symbol | 2N5681 | 2N5682 
PNP SILICON 
ee ee ee 
|BaseCurent | te] S| A 


Total Device Dissipation @ Ta = 25°C 1.0. Watt 
Derate above 25°C 5.7 mWwW/C 
Total Device Dissipation @ Tc = 25°C 10 Watts 
Derate above 25°C 57 mWw/°C 
Operating and Storage Junction Ty, Tstg -65 to +200 °C 
Temperature Range 
THERMAL CHARACTERISTICS 


Characteristic | Symbol | Max | Unit _| 
Thermal Resistance, Junction to Case R@Jc 
Thermal Resistance, Junction to Ambient R@JA 


2N5681 
2N5682 


NPN SILICON 


CASE 79-02, STYLE 1 
TO-5 (TO-205AA) 


GENERAL PURPOSE 
TRANSISTOR 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot_ | Min | Max | Unit | 
OFF CHARACTERISTICS 7 


Collector-Emitter Sustaining Voltage 
(Ic = 10 mAdc, Ip = 0) 2N5679, 2N5681 
2N5680, 2N5682 


Collector Cutoff Current 
(VcE = 70 Vdc, Ip = 0) 
(Vce = 80 Vdc, Ip = 0) 

Collector Cutoff Current 


(VceE = 100 Vdc, Veg = 1.5 Vdc) 2N5679, 2N5681 
(VcE = 120 Vdc, Veg = 1.5 Vdc) 2N5680, 2N5682 


(VcE = 100 Vde, Veg = 1.5 Vdc, Te = 150°C) 2N5679, 2N5681 
(VCE = 120 Vdc, Veg = 1.5 Vde, Tc = 150°C) 2N5680, 2N5682 


Collector Cutoff Current ; 
(VcB = 100 Vdc, Iz = 0) 2N5679, 2N5681 
(VcB = 120 Vdc, IE = 0) 2N5680, 2N5682 


Emitter Cutoff Current 
(VEB = 4.0 Vdc, Ic = 0) 


= 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 250 mAdc, Vcg = 2.0 Vdc) 
(I¢ = 1.0 Adc, Veg = 2.0 Vdc) 


Collector-Emitter Saturation Voltage 
(I¢ = 250 mAdc, Ip = 25 mAdc) 


VCE(sat) 
(Ic = 500 mAdc, Ip = 50 mAdc) 
(I¢ = 1.0 Adc, lp = 200 mAdc) 


Base-Emitter Saturation Voltage VBE(sat) 
(Ic = 250 mAdc, Vce = 2.0 Vdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 100 mAdc, Vcg = 10 Vde, f = 10 MHz) 


Output Capacitance 


(VcB = 20 Vdc, Ie = 0, f = 1.0 MHz) 


Small-Signal Current Gain 
(Ic = 0.2 Adc, Vcg = 1.5 Vde, f = 1.0 kHz) 
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2N5679, 2N5680, 2N5681, 2N5682 


FIGURE 1 — SWITCHING TIMES TEST CIRCUIT 


01 Must Be Fast Recovery Type, e.g. Vcc 
MBD5300 Used Above Ig = 100 mA 730M 
MS06100 Used Below !g = 100 mA 


Scope 


tr, ts <10ns 
Duty Cycle = 1.0% 


-4.0 V 
Rg and Rc Varied to Obtain Desired Current Levels 


For tg and t,, 01 is disconnected and V2 = 0 
For PNP test circuit, reverse diode and voitage polarities. 


PNP NPN 
2N5679, 2N5680 2N5681, 2N5682 


FIGURE 2 — TURN-ON TIME 
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FIGURE 3 — TURN-OFF TIME 
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2N5679, 2N5680, 2N5681, 2N5682 
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FIGURE 4 — CURRENT-GAIN — BANDWIDTH PRODUCT FIGURE 5 — CAPACITANCE 
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FIGURE 6 — THERMAL RESISTANCE 
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There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ic - Vcg !imits of the transistor 
that must be observed for reliable operation; t.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 
The data of Figure 7 is based on To = 25°C; Typx) is 
variable depending on power level. Second breakdown pulse limits 
are valid for duty cycles to 10% provided Ty(9k) < 200°C. T y(pk) 
may be calculated from the data in Figure 6. At high case temp- 
eratures, thermal limitations will reduce the power that can be 
handled to values less than the limitations imposed by second 
breakdown. Second breakdown limitations do not derate the same 
as thermal limitations. Allowable current at the voltages shown 
on Figure 7 may be found at any case temperature by using 
the appropriate curve on Figure 8. 
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FIGURE 12 — TEMPERATURE COEFFICIENTS 
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MAXIMUM RATINGS ; 


2N5859 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


SWITCHING TRANSISTOR 
THERMAL CHARACTERISTICS eNICIICgn 


Characteristic | Symbol | 
Thermal Resistance, Junction to Case Re@Jc 
Thermal Resistance, Junction to Ambient R@JA 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Pp haracteristic | Symbot | min | Max [Unit 
OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage(1) (Ic = 10 mAdc, Ip = 0) 


Emitter-Base Breakdown Voltage (I= = 10 pAdc, Ic = 0) 


Collector Cutoff Current (VcE = 50 Vdc, VBE(off) = 2.0 Vdc) 
(VcE = 50 Vdc, VBE(off) = 2.0 Vdc, Ta = 75°C) 


Collector Cutoff Current (Vcp = 50 Vdc, Ig = 0) 
(VcB = 50 Vde, IE = 0, Ta = 75°C) 


ON CHARACTERISTICS 


DC Current Gain (Ic = 500 mAdc, Veg = 1.0 Vdc) hrE 30 
_ (lc = 1.0 Ade, VcgE = 1.0 Vde) . 15 
(I¢ = 1.0 Adc, Vce = 1.0 Vde, Ta = —55°C) .10 
Collector-Emitter Saturation Voltage (I¢ = 500 mAdc, Ip = 50 mAdc) _ VCE(sat) 0.4 Vdc 
(I¢ = 1.0 Adc, lp = 100 mAdc) 0.7 
Base-Emitter Saturation Voltage (ic = 500 mAdc, Ip = 50 mAdc) VBE(sat) 0.8 Vde 
(I¢ = 1.0 Adc, lg = 100 mAdc) 0.9 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product (Ic = 50 mAdc, Vce = 10Vdc,f = 100MHz) | fr | 2.0 | — | 
Collector-Base Capacitance (Vcp = 10 Vdc, Ip = 0, f = 100 kHz) hh? Seen. 


Emitter-Base Capacitance (Veg = 0.5 Vdc, Ic = 0, f = 100 kHz) 
SWITCHING CHARACTERISTICS 


Delay Time ; 
(Vcc = 30 Vdc, VBE(off) = 2:0 Vde, Ic = 1.0 Adc, 
Ig1 = 100 mAdc) (Figures 8 and 10) 

Rise Time 

(Vcc = 30 Vdc, VBE(off) = 2.0 Vde, Ic = 1.0 Adc, 

IB1 = 100 mAdc) (Figures 8 and 10) 


Storage Time 
(Vcc = 30 Vdc, Ic = 1.0 Adc, 
lp1 = Ip2 = 100 mAdc) (Figures 9 and 11) 


Fall Time 
(Vcc = 30 Vdc, Ic = 1.0 Adc, 
IB1 = lpg = 100 mAdc) (Figures 9 and 11) 
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2N5859 
ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 
Characteristic 


Turn-On Time 
(Vcc = 30 Vdc, VBE(off) = 2-0 Vdc, Ic = 1.0 Adc, 


1B1 = 100 mAdc) (Figures 8 and 10) 


Turn-Off Time 
(Vcc = 30 Vde, Ic = 1.0 Adc, 
IB1 = IB2 = 100 mAdc) (Figures 9 and 11) 


(1) Pulse Test: Pulse Width < 300 ws, Duty Cycle < 2.0%. 


FIGURE 1 — ACTIVE-REGION SAFE OPERATING AREA 
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TYPICAL DC CHARACTERISTICS 
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2N5859 


TYPICAL DYNAMIC CHARACTERISTICS 


FIGURE 6 — CURRENT-GAIN—BANDWIDTH PRODUCT 
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FIGURE 8 — TURN-ON TIME 
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FIGURE 10 — TURN-ON TIME TEST CIRCUIT 
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Vin to 50 Ohm 
OSCILLOSCOPE 
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Vout to 50 Ohm 
OSCILLOSCOPE 


tp <V.0ns 

PW. > 200 ns 
Outy Cycle < 2.0% 
Generator Source Impedance = 50 2 


Vout 


All waveforms and bias levels must be set with unit in circuit. 
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FIGURE 9 — TURN-OFF TIME 
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FIGURE 11 — TURN-OFF TIME TEST CIRCUIT 


Vin to 50 Ohm 


+30 V 
OSCILLOSCOPE : 


4950 
Vout to 50 Ohm 
OSCILLOSCOPE 
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tes 1.0ns 

PW. 2 1.048 

Duty Cycle < 2.0% 

Generator Source Impedance = 502 


Vout 


All waveforms and bias levels must be set with unit in circuit. 
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MOTOROLA SEMICONDUCTORS 


2N5861 


CASE 79-02, STYLE 1 
- TO-39 (TO-205AD) 
MAXIMUM RATINGS 


Rating 


SWITCHING TRANSISTOR 


NPN SILICON 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 5.0 Watts 
Derate above 25°C 28.6 mWw/°C 
Operating and Storage Junction TJ, Tstg | —65 to +200 °C 

Temperature Range 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit _| 
OFF CHARACTERISTICS 
“hee = eo “ Bri 
(VcgB = 50 Vdc, Ig = 0) 
DC Current Gain 
Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(I¢ = 500 mAdc, Ip = 50 mAdc) 
(I¢ = 50 mAdc, Vcg = 10 Vde, f = 100 MHz) 
(VBE = 0.5 Vdc, Ic = 0, f = 100 kHz) 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vde 
(I¢ = 10 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage V(BR)CBO 100 Vdc 
_(I¢ = 100 wAdc, IE = 0) 
Emitter-Base Breakdown Voltage | V(BR)EBO Vde 
(Ie = 10 Adc, Ic = 0) . 
(VCE = 50 Vdc, VBE(off) = 2.0 Vde) 
(Vce = 50 Vdc, VBE(off) = 2.0 Vde, Ta = 75°C) 
Collector Cutoff Current ICBO pAdc 
(VcB = 50 Vdc, Ip = 0, Ta = +75°C) 
Emitter Cutoff Current pAdc 
(VBE = 5.0 Vdc, Ic = 0) 
ON CHARACTERISTICS(1) 
FE 
(I¢ = 500 mAdc, Vcg = 1.0 Vdc) 
(I¢ = 500 mAdc, VcgE = 1.0 Vde, Ta = -55°C) 
Base-Emitter Saturation Voltage VBE(sat) 1.1 Vdc 
(I¢ = 500 mAdc, Ip = 50 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 
Collector-Base Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 
Emitter-Base Capacitance 
SWITCHING CHARACTERISTICS 
(Voc = 30 Vdc, VaE(off) = 2.0 Vde, 
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ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) | 


Characteristic 


Turn-Off Time Vcc = = 30 Vdc, Ic = 500 mAdc, 


Fall Time 


(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0% 


TYPICAL DYNAMIC CHARACTERISTICS 


FIGURE 1 — CURRENT-GAIN—BANDWIDTH PRODUCT FIGURE 2 — CAPACITANCE 
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FIGURE 5 — TURN-ON TIME TEST CIRCUIT 


Vin to 50 Ohm 


OSCILLOSCOPE ae 


5.8V 
Vin 
a 0 4950 
20V -2.0V 
Vout to 50 Ohm 
OSCILLOSCOPE 
Vout 
tp <1.0 ns 
P.W. > 200 ns 
Duty Cycle < 2.0% 
Generator Source {mpedance = 50 2 
Pulse Generator: EH1421 Timing Unit and 1121 Pulse Driver Vin during ton interval must be +5.8 V. 
Oscilloscope: Tektronix 661 Sampling Scope All waveforms and bias levels must be set with unit in circuit. 
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FIGURE 6 — TURN-OFF TIME TEST CIRCUIT 


| : in to 50 Ohm 
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Vout to 50 Ohm 
OSCILLOSCOPE 


tf <1.0ns 

P.W. > 1.0 us 

Duty Cycle < 2.0% 
Generator Source Impedance = 50 Q 


Vout 


Pulse Generator: EH1421 Timing Unit and 1121 Pulse Driver Vin during toff interval must be -4.0 V. 
Oscilloscope: Tektronix 661 Sampling Scope All waveforms and bias levels must be set with unit in circuit. 
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transistor: junction temperature and secondary breakdown. Safe ed 100 eeu Sener 290) neo 
operating area curves indicate |c—Vcg limits of the transistor that Ic, COLLECTOR CURRENT (mA) 

must be observed for reliable operation; i.e., the transistor must not 
be subjected to greater dissipation than the curves indicate. 

The data of Figure 9 is based on T j(pk) = 200°C; T¢ is variable 
depending on conditions. Pulse curves are valid for duty cycles of 
10% provided Tj(pk) < 200°C. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values 
less than the limitations imposed by secondary breakdown. 


~ 0.05 bm Thermal Limitations @ Tc = 25°C 
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2N6430 
2NG431 


CASE 22, STYLE 1 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


GENERAL PURPOSE 
TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vdc 
(I¢ = 1.0 mAdc, Ig = 0) 2N6430 200 
2N6431 300 
Collector-Base Breakdown Voltage V(BR)CBO 
(I¢ = 0.1 mAdc, IE = 0) 2N6430 200 
2N6431 300 


Emitter-Base Breakdown Voltage V(BR)EBO 
(Ie = 0.1 mAdc, Ic = 0) 


Collector Cutoff Current 
(VcB = 160 Vdc) 2N6430 
(VcB = 200 Vdc) 2N6431 


Emitter Cutoff Current 
(Veg = 4.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 1.0 mAdc, VcgE = 10 Vdc) 
(Ic = 10 mAdc, VcE = 10 Vdc) 
(I¢ = 30 mAdc, VcE = 10 Vdc) 


Collector-Emitter Saturation Voltage VCE(sat) 
(I¢ = 20 mAde, Ip = 2.0 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) 
(I¢ = 20 mAdc, Ig = 2.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product . ft 
(Ic = 10 mAdc, Veg = 20 Vde, f = 100 MHz) 
Collector-Base Capacitance Cob 4.0 
(Vcp = 20 Vde, Ig = 0, f = 1.0 MHz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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2N6432 
2N6433 


CASE 22, STYLE 1 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


GENERAL PURPOSE 
TRANSISTOR 


PNP SILICON 


Refer to 2N3743 for graphs. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | Max | Unit _| 
OFF CHARACTERISTICS | 
Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(I¢ = 1.0 mAdc, Ip = 0) 2N6432 200 
2N6433 300 
Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 0.1 mAdc, IE = 0) 2N6432 200 
2N6433 300 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
_ (Ig = 0.1 mAdc, Ic = 0) 
Collector Cutoff Current 
(VcB = 160 Vdc) . 2N6432 
(VcB = 200 Vdc) ; 2N6433 
= 25 
(I¢ = 10 mAdc, VcE = 10 Vdc) 40 
(I¢ = 30 mAdc, VcE = 10 Vdc) 30 
Collector-Emitter Saturation Voltage VCE(sat) Vde 
(I¢ = 20 mAdc, Ig = 2.0 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) Vde 
(I¢ = 20 mAdc, Ig = 2.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 10 mAdc, VcgE = 20 Vdc, f = 20 MHz) 


Emitter Cutoff Current 
(VERB = 3.0 Vde, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 1.0 mAdc, VcE = 10 Vdc) 


Collector-Base Capacitance 
(VcB = 20 Vdc, Ie = 0, f = 1.0.MHz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MM420 
MM421 


CASE 79-02, STYLE 1 


MAXIMUM RATINGS TO-39 (TO-205AD) 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Ta = 75°C Watts 
Derate above 75°C mW/°C 
Operating and Storage Junction Ty, Tstg —65 to +175 °C 
Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


TRANSISTOR 


NPN SILICON 


Refer to 2N3439 for graphs. 


Characteristic |_Symbot_| Min [| Max | Unit _| 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage(1) 
(Ic = 10 mA, Ip = 0) 


=e pal -|". 


V(BR)CBO Vde 
275 
350 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(le = 100 wAdc) 


Collector Cutoff Current 
(VcE = 250 Vdc, Ip = 0) 
(VcE = 325 Vdc, Ig = 0) 
Collector Cutoff Current 

(VBE = 275 Vdc, IE = 0) 
(VBE = 350 Vdc, Ig = 0) 


Collector-Base Breakdown Voltage 
(I¢ = 100 »Adc) 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 1.0 mAdc, VcgE = 20 Vdc) 
(I¢ = 10 mAdc, VcEe = 20 Vdc) 


FE 
15 
(I¢ = 30 mAdc, Vcg = 20 Vdc) 


25 
25 
Collector-Emitter Saturation Voltage VCE(sat) Vde 
(Ic = 30 mAdc, Ip = 3.0 mAdc) 
Base-Emitter On Voltage VBE(on) Ve 
(I¢ = 30 mA, VcE = 20 V) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 10 mA, VcgE = 20 V, f = 10 MHz) 


Output Capacitance 
(VcB = 20 V, f = 100 kHz) (Common Base) 


(1) PW < 300 usec, Duty Cycle < 2.0%. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


4-223 


Poet cence wae A Pier on ct 


MM1505 


CASE 27-02, STYLE 1 


TO-52 (TO-206AC) aan 
Rating 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


SWITCHING TRANSISTOR 


NPN SILICON 


Lead Temperature 
(Soldering, 60 second time limit) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit | 


Collector-Emitter Breakdown Voltage (lc = 10 wAdc, Vee = 0) | Weryces | 11 | | de 
Collector-Emitter Sustaining Voltage(2) (lc = 10 mAdc, Ip = 0) | Vceo(sus) | 80d] CU iC 
| Collector-Base Breakdown Voltage (Ic = 10uAdcle=0) | ipso | 18 | | Vde 
| Emitter-Base Breakdown Voltage (Ip = 10wAdcIc=0) | ipryewo | 40 | | Vd 


Collector Cutoff Current (Vcgé = 11 Vdc, VBE = 0) 
(Vce = 5.0 Vde, Vee = 0) 
(VcE = 5.0 Vde, VgeE = 0, Ta = +85°C) 


Base Cutoff Current _(VcE = 11 Vde, VeB(off) = 0) a ee 


ON CHARACTERISTICS(2) 
DC Current Gain (Ic = 1.0 mAdc, VcgE = 0.4 Vdc) hFE 
(I¢ = 10 mAdc, VcE = 0.4 Vdc) 
(I¢ = 30 mAdc, VcgE = 0.4 Vdc) 
Collector-Emitter Saturation Voltage (Ic = 1.0 mAdc, Ip = 0.1 mAdc) VCE(sat) 
(Ic = 10 mAdc, Ip = 1.0 mAdc) 
(I¢ = 30 mAdc, Ip = 3.0 mAdc) 
(I¢ = 10 mAde, IB = 1.0 mAdc, Ta = 85°C) 


Base-Emitter Saturation Voltage (Ic = 1.0 mAdc, Ip = 0.1 mAdc) VBE(sat) 0.68 
(I¢ = 10 mAdc, Ig = 1.0 mAdc) 0.75 
(I¢ = 30 mAdc, Ip = 3.0 mAdc) —_ 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 10 mAdc, VcE = =o Vdc, f = 100 MHz) 


Output. Capacitance 
(Vcp = 5.0 Vdc, IE = 0, f = 140 kHz) 


Input Capacitance 
(VBE = 0.5 Vdc, Ic = 0, f = 140 kHz) 


SWITCHING CHARACTERISTICS 


Storage Time 
(ic = Ip1 = IB2 = 5.0 mAdc) 
Turn-On Time 


OFF CHARACTERISTICS 


(Vcc = 1.0 Vdc, VBE(off) = 1.0 Vde, Ic = 10 mAdc, Igy ~ 2.0 mAdc) 


Turn-Off Time 
(Vcc = 1.0 Vde, I¢ = 10 mAdc, Ip1 ~ Ip2 ~ 1.0 mAdc) 


(1) Applicable from 0.01 mAdc to 10 mAdc (Pulsed). 
(2) Pulse Test: Pulse Length = 300 us, Duty Cycle < 2.0%. 


MOTOROLA SEMICONDUCTORS. SMALL-SIGNAL DEVICES 


4-224 


MM1748,A 


CASE 27, STYLE 1 
TO-52 (TO-206AC) 


MAXIMUM RATINGS 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Operating and Storage Junction TJ, Tstg | —65to +200 os 
Temperature Range 


SWITCHING TRANSISTOR 


NPN SILICON 


THERMAL CHARACTERISTICS 


Symbol | Max | Unit _ | 
Thermal Resistance, Junction to Ambient RaJA(1) 


(1) RaJA is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


p Characteristic | Symbol | Min [typ | Max | unit _| 
OFF CHARACTERISTICS 

[cotlectr-Emiter Sustaining Voltaget2) (ic = 10mAde ig= 0) | Vero) | 60 | — | — | vee 

Collector-Base Breakdown Voltage (lc = 10 wAdc, IE = 0) | Vercao | 18 | — | — | Vde | 

Emitter-Base Breakdown Voltage (If = 10 wAdc, Ic = 0) | VeRepo | 40 | — | — | Vde | 
(Ic = 10 mAdc, VcgE = 0.5 Vde, Ta = —55°C) Both Devices 


FE 
20 50 
30 55 
10 20 
(Ic = 30 mAdc, VcE = 1.0 Vdc) Both Devices 15 


20 
Collector-Emitter Saturation Voltage (Ic = 3.0 mAdc, Ip = 0.15 mAdc) VCE(sat) | — | o2 | 03 | vac | 
Base-Emitter Saturation Voltage (Ic = 3.0 mAdc, Ip = 0.15 mAdc) VBE(sat) | 07 | 078 | 085 | Vde | 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 5.0 mAdc, Vcg = 4.0 Vde, f = 100 MHz) MM1748 
MM1748A 


Collector Cutoff Current 
~ (Vcep = 5.0 Vde, Ie = 0) MM1748 
MM1748A 


(Veg = 5.0 Vde, Ip = 0, Ta = 150°C) 
ON CHARACTERISTICS(2) 


DC Current Gain 
(I¢ = 10 mAdc, Vcg = 0.5 Vdc) —  MM1748 
MM1748A 


Both Devices 


ou 


Output Capacitance 
(VcB = 5.0 Vde, Ie = 0, f = 140 kHz) 


Input Capacitance 
(VBE = 0.5 Vde, Ic = 0, f = 140 kHz) 


SWITCHING CHARACTERISTICS 


Storage Time . 
(Vcc = 3.0 Vde, Ic = 5.0 mAdc, Ip1 = lpg = 5.0 mAdc) 


Turn-On Time 


(Vcc = 1.0 Vdc, VBE(off) = 1.0 Vde, Ic = 10 mAdc, 
lpi = 2.0 mAdc, lpg = 1.0 mAdc) 


Turn-Off Time 
(Vcc = 1.0 Vde, Ic = 10 mAdc, lpi = Ip2 = 1.0 mAdc) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


4-225 


aE te Reet eee Melt 


MM2005 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 
ee 
[cotesertmiverVotese ‘| vogo | 20 | ve 
a 
tc [em | mado _| 


Total Device Dissipation @ Ta = 25°C 400 mw 
Derate above 25°C 2.28 mWw/°C 

Total Device Dissipation @ Tc = 25°C 1.4 Watts 
Derate above 25°C 8.0 mWw/°C 

Operating and Storage Junction Ty, Tstg | —65 to +200 °C 
Temperature Range 


AMPLIFIER TRANSISTOR 


PNP SILICON 


Refer to 2N2904 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


jp Characteristic | Symbot | Min | typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 20 Vdc 
(I¢ = 10 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 100 wAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 100 wAdc, Ic = 0) 

Collector Cutoff Current ICBO pAdc 
(VcB = 15 Vde, IE = 0) 

ON CHARACTERISTICS(1) 

DC Current Gain hee 
(I¢ = 150 mAdc, VcgE = 10 Vdc) 

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(Ic = 150 mAdc, Ip = 15 mAdc) 

Base-Emitter Saturation Voltage _ VBE(sat) 0.7 Vdc 
(I¢ = 150 mAdc, Ip = 15 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcp = 10 Vdc, le = 0, f = 100 kHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Vcc = 30 Vdc, Ic = 150 mAdc, Igy = 15 mAdc) 


Turn-Off Time 
(Vcc = 6.0 Vde, Ic = 150 mAdc, igi = Iga = 15 mAdc) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


4-226 


vIM2Z258 
MM2259 
MM2260 


CASE 31-03, STYLE 1 
TO-5 (TO-205AA) 


MAXIMUM RATINGS 


Collector-Base Voltage VcBO 120 175 Vde 
Emitter-Base Voltage VEBO a ae Vdc 
Collector Current — Continuous | tc | 500 | 300 | made _| 


Total Device Dissipation @ Ta = 25°C 1.0 Watt 
Derate above 25°C 5.71 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C : mW/°C 


Operating and Storage Junction TJ, Tstg —65 to +200 °C 
Temperature Range 
THERMAL CHARACTERISTICS 


Characteristic Symbol eee | 


Thermal Resistance, Junction to Case R@Jc 
Thermal Resistance, Junction to Ambient R@JA 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Symbol_| Min | Max | Unit 
OFF CHARACTERISTICS | 
Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vdc 
(Ic = 10 mAdc, Ip = 0) MM2258 120 
MM2259, MM2260 175 
V(BR)CBO | Vde 
(l¢ = 10 wAdc, Ie = 0) MM2258 120 
MM2259, MM2260 175 
Emitter-Base Breakdown Voltage V(BR)EBO Vde . 
(IE = 10 pAdc, Ic = 0) 
Collector Cutoff Current ICBO pAdc 
(VcB = 75 V, ig = 0) | 
(VcB = 75 V, Ie = 
Emitter Cutoff Current nAdc 
(VEB = 4.0 Vdc, Ic = 0) 
ON CHARACTERISTICS 
DC Current Gain 


(ic = 1.0 mAde, VcE = 10 Vde) MM2259 
MM2258, MM2260 


TRANSISTOR 


NPN SILICON 


Refer to 2N3498 for graphs. 


Collector-Base Breakdown Voltage 


(I¢ = 10 mAdc, Vcge = 10 Vdc) MM2259 
MM2258, MM2260 


(Ic = 50 mAdc, Vee = 10 Vdc) MM2259 
MM2258, MM2260 


50 
Coilector-Emitter Saturation Voltage VCE(sat) Vde 
(Ic = 25 mAdc, Ig = 2.5 mAdc) 
Output Capacitance 
Collector-Base Capacitance Cob 
(VcB = 25 Vdc, Ic = 10 mAdc) MM2258 5.0 
MM2259, MM2260 4.5 


Base-Emitter Saturation Voltage VBE(sat) 1.0 Vde 
(Ic = 25 mAdc, Ip = 2.5 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 
Cobo 
(VcB = 10 Vdc, IE = 0, f = 100 kHz) MM2258 9.0 
MM2259, MM2260 8.0 
Magnitude of Forward Current Transfer Ratio, Common-Emitter lhfel 1.5 
(VCE = 25 Vdc, Ic = 20 mAdc, f = 100 MHz) 
(1) Pulse Test: PW < 300 us, Duty Cycle < 2.0%. 


SMALL-SIGNAL DEVICES | MOTOROLA SEMICONDUCTORS 


4-227 


a a 


a. 


MM3000 
thru 
MM3003 


CASE 79, STYLE 1 
TO-39 (TO-205AD) 


it 


GENERAL PURPOSE TRANSISTOR 


NPN SILICON 


MAXIMUM RATINGS 


| Rating | Symbol | mizo90 |MIM3001| MiM3002|MM3003| Unit _ 
| Collector-Emitter Voltage | Vczo | 100 | 150 | 200 | 250 | Vdc_ 


| Emitter-Base Voltage | ¥280 -Mepo |___so___| vae_ Vde 
Collector Current — mAdc 
Continuous 
Total Device Dissipation 
@ Ta = 25°C 1.0 Watt 
Derate above 25°C 5.71 mWw/°C 
Total Device Dissipation 
@ Tc = 25°C 5.0 Watts 
28.6 mW/°C 
ne 


Derate above 25°C 


Operating and Storage 
Junction 
Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(i¢ = 10 mAdc, Ip = 0) 


Emitter-Base Breakdown Voltage 
(IE = 10 wAdc, Ic = 0) 


Collector Cutoff Current 
(VcB = 50 Vdc, Ig = 0) 
(Vcp = 75 Vdc, Ie = 0) 
(VcB = 100 Vdc, IE = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 10 mAdc, Vcg = 10 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 


(Ic = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 


Output Capacitance 
(VcB = 20 Vdc, IE = 0, f = 100 kHz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 


V(BR)CEO Vde 
MM3000 
MM3001 
MM3002 
MM3003 


ICBO pAdc 
MM3000 1.0 
MM3001 1.0 
MM3002, MM3003 5.0 


MM3000, MM3001 
MM3002, MM3003 


2.0%. 


MOTOROLA SEMICONDUCTORS 


SMALL-SIGNAL DEVICES 


4-228 


MM3005 
MM3006 
MM3007 


MAXIMUM RATINGS 


[Rating | Symbol [ao06| mmaoos |maoo7] Unit 
[aledorEmiter Vtage | Voeo |e | a0 | 100 | vio 


Emitter-Base Voltage VERO 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


Collector Current — Continuous 


Total Device Dissipation 
@ Tp = 25°C 
Derate above 25°C 
Total Device Dissipation 
@ Tc = 25°C 
desl above 25°C 


AUDIO TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(i¢ = 10 mAdc, Ip = 0) MM3005 
MM3006 

MM3007 


Collector-Base Breakdown Voltage 
(ic = 100 pAdc, Ie = 0) MM3005 


V(BR)CEO 
60 
80 
100 
V(BR)CBO Vde 
80 
MM3006 100 
MM3007 120 


Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 100 wAdc, Ic = 0) 


Collector Cutoff Current ICBO nAdc 
(Veg = 60 Vdc, Ie = 0) MM3005 100 
(VcB = 80 Vdc, Ie = 0) MM3006 100 
(Veg = 100 Vdc, IE = 0) MM3007 100 


Emitter Cutoff Current 100 nAdc 
(VBE = 4.0 Vdc, Ic = 0) 
_ ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 1.0 mAdc, VcgE = 1.0 Vdc) All Types — 
(I¢ = 150 mAdc, VcfE = 1.0 Vdc) MM3005 250 
(I¢ = 200 mAdc, VcgE = 1.0 Vdc) MM3006 250 
(I¢ = 250 mAdc, VcE = 1.0 Vdc) MM3007 250 


Collector-Emitter Saturation Voltage VCE(sat) 
(I¢ = 150 mAdc, Ip = 15 mAdc) 

Base-Emitter On Voltage 
(I¢ = 150 mAdc, VcE = 1.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(1) 
(I¢ = 50 mAdc, Vcg = 10 Vde, f = 20 MHz) 


Output Capacitance 
(VcB = 10 Vdc, IE = 0, f = 100 kHz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


4-229 


MM3008 
MM3009 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


| Rating =| Symbol |MMi3z008|MmM3z003| Unit _ | 

| Collector-Emitter Voltage | Vceo | 120 | 180 | vac | 
Emitter-Base Voltage ———— 

|_mAde_ 


Total Device Dissipation @ Ta = 25°C 1 ee Watt 
Derate above 25°C 5.71 mw/°C 
Total Device Dissipation @ Tc = 25°C Watts 
Derate above 25°C 72 . mWw/°C 
Operating and Storage Junction TJ, Tstg —65 to +200 °C 
Temperature Range 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Characteristic |_ Symbol | Min | Max | Unit _ | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vdc 
(I¢ = 10 mAdc, Ig = 0) MM3008 ee 
MM3009 
Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 pAde, Ic = 0) 


Collector Cutoff Current 
(VcB = 120 Vdc, IE = 0) MM3008 
(Vcg = 180 Vde, IE = 0) MM3009 
Emitter Cutoff Current 
(VBE = 4.0 Vde, Ic = 0) 
ON CHARACTERISTICS 
DC Current Gain 
(I¢ = 1.0 mAde, Vce = 10 Vdc) 
(I¢ = 10 mAdc, Vcge = 10 Vdc) 
(i¢ = 30 mAdc, Vcg = 10 Vdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 20 mAdc, VcgE = 20 Vde, f = 20 MHz) 


Output Capacitance 


TRANSISTOR 


NPN SILICON 


(Vcg = 20 Vdc, Ie = 0, f = 1.0 MHz) 


‘Input Capacitance 
(VBE = 0.5 Vde, Ic = 0, f = 1.0 MHz) 


(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


4-230 


MM3726 


CASE79-02, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


| Rating | Symbol | Value 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


SWITCHING TRANSISTOR | 


THERMAL CHARACTERISTICS PNP SILICON 


[Characteristic ———~=«;—=Symbol_ 
Thermal Resistance, Junction to Case R@Jc 
Thermal Resistance, Junction to Ambient RgJja 


Refer to 2N3467 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) (Ic = 10 mAdc, Ig = 0) 


Emitter-Base Breakdown Voltage (IE = 10 wAdc, Ic = 0) V(BR)EBO 


(I¢ = 1.0 Adc, VcE = 5.0 Vdc) 

Collector-Emitter Saturation Voltage 

Collector-Base Capacitance . Cob pF 
(VcB = 10 Vde, Il_ = 0, f = 100 kHz, emitter guarded) 

Emitter-Base Capacitance Ceb 
(VBE = 0.5 Vdc, Ic = 0, f = 100 kHz, collector guarded) 


Collector Cutoff Current (Vcg = 40 Vdc, IE = 0) ICBO 
ON CHARACTERISTICS(1) 
DC Current Gain 
(Ic = 500 mAdc, VcgE = 2.0 Vdc) 
VCE(sat) Vde 
(i¢ = 500 mAdc, Ip = 50 mAdc) . 
(Ic = 1.0 Adc, Ip = 100 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) Vde 
(Ic = 500 mAdc, Ip = 50 mAdc) 
(I¢ = 1.0 Ade, Ig = 100 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product(1) fr 
(Ic = 50 mAdc, Vcg = 10 Vde, f = 100 MHz) 
SWITCHING CHARACTERISTICS 
‘Turn-On Time 
(Vcc = 30 Vdc, VBE(off) = 2-0 Vde, Ic = 500 mAdc, 
lpi = 50 mAdc, Rg = 200 ohms, R, = 60 ohms) 
Turn-Off Time 
(Vcc = 30 Vde, Ic = 500 mAdc, Ip = IBp2 = 50 mAdc, 
Rg = 200 ohms, Ri = 60 ohms) 


Turn-On Time 


(Vcc = 30 Vdc, VBE = 2.0 Vdc, Ic = 1.0 Adc, 

IB1 = 100 mAdc, Rg = 100 ohms, Ri = 30 ohms) 
Turn-Off Time 

(Vcc = 30 Vde, Ic = 1.0 Adc, lpi = IB2 = 100 mAdc, 

Rg = 100 ohms, Ry = 30 ohms) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle = 2.0%. 


SMALL-SIGNAL DEVICES ~ MOTOROLA SEMICONDUCTORS 


4-231 


MM3903 
MM3904 MAXIMUM EAlEiGe - | 


Collector-Emitter Voltage 


Collector-Base Voltage 
Emitter-Base Voltage 


Coilector Current — Continuous 


CASE 27-02, STYLE 1 
TO-52 (TO-206AC) 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


GENERAL PURPOSE TRANSISTOR 


NPN SILICON 


THERMAL CHARACTERISTICS 
_ Characteristic Symbol | Max = {Unit 
Thermal Resistance, Junction to Ambient | Rua | 490 =| °cw | 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol_| Min | Max | Unit _ | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) (ic = 1.0 mAdc, Ip = 0) 


Collector-Base Breakdown Voltage (ic = 10 wAdc, IE = 0) V(BR)CBO 
V(BR)EBO 
IBEV 


ICEX 


Emitter-Base Breakdown Voltage (l— = 10 wAdc, Ic = 0) 
Base Cutoff Current (Vce = 30 Vdc, VEBioff) = 3.0 Vdc) 
Collector Cutoff Current (VcE = 30 Vdc, VEB(off) = 3.0 Vdc) 


ON CHARACTERISTICS(1) 
DC Current Gain hee 
(i¢ = 0.1 mAdc, VcE = 1.0 Vdc) MM3903 
. MM3904 
(Ic = 1.0 mAdc, VcE = 1.0 Vde) MM3903 
MIM3904 
(Ic = 10 mAdc, VcE = 1.0 Vdc) MM3903 
MM3904 
(Ic = 50 mAdc, VcE = 1.0 Vdc) | MM3903 _— 
MM3904 


(I¢ = 100 mAdc, VcE = 1.0 Vdc) MM3903 
MM3904 


10 
15 
Collector-Emitter Saturation Voltage VCE(sat) 

(Ic = 10 mAdc, Ip = 1.0 mAdc) : 
(Ic = 50 mAdc, Ig = 5.0 mAdc) : 
Base-Emitter Saturation Voltage ; VBE(sat) . ‘Vde 
(Ic = 10 mAdc, Ig = 1.0 mAdc) = 0.85 
(Ic = 50 mAdc, Ip = 5.0 mAdc) 0.95 


Vde 


MOTOROLA SEMICONDUCTORS . SMALL-SIGNAL DEVICES 


| 
: 
na 


4-232 


MM3903, MM3904 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit _| 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(1) 
(Ic = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) MM3903 
MM3904 — 


Output Capacitance 
(Vcp = 5.0 Vde, IE = 0, f = 100 kHz) 


Input Capacitance 
(VBE = 0.5 Vdc, Ic = 0, f = 100 kHz) 


Small-Signal Current Gain 
(I¢ = 1.0 mAdc, VcE = 10 Vde, f = 1.0 kHz) MM3903 
MM3904 


SWITCHING CHARACTERISTICS 


Delay Time (Vcc = 3.0 Vdc, VBE(oft) = 0.5 Vde, 


Storage Time (Vcc = 3.0 Vdc, Ic = 10 mAdc, MM3903 
Ip1 = IB2 = 1.0 mAdc) MM3904 


Fall Time 


(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. — 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


4-233 


-MM3905 
-MM3906 


CASE 27-02, STYLE 1 
TO-52 (TO-206AC) 


MAXIMUM RATINGS . 
(___ Rating | Symbor | Vawe [Unt 
[colectorémiter Votage————*dSS ceo || Veo 
[coletorBese Votage ~~~ Vcgo. | 40d Vo 
nitrsove ore Lapp [fv 
ic | 200 [mace | 


Total Device Dissipation @ Ta = 25°C 360 
Derate above 25°C 2.06 ane 
Operating and Storage Junction Ty, Tstg —55 to +200 
Temperature Range , . 
THERMAL CHARACTERISTICS 


[Characteristic ===; “Symbol | Max | Unit 
Thermal Resistance, Junction to Ambient R@JA | ag90s| ecw 


GENERAL PURPOSE TRANSISTOR 


PNP SILICON 


Refer to 2N3250 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit _| 


Collector-Emitter Breakdown Voltage(1) ~V(BR)CEO Vdc 
(i¢ = 1.0 mAdc, Ig = 0) 
Collector-Base Breakdown Voltage . ; V(BR)CBO Vdc 
(i¢ = 10 wAde, Ie = 0) 
Emitter-Base Breakdown Voltage . V(BR)EBO Vdc 
(ig = 10 wAdc, Ic = 0) 
Base Cutoff Current IBEV nAdc 
(VcE = 30 Vdc, Veg = 3.0 Vdc) 
Collector Cutoff Current ICEV nAdc 
(VcE = 30 Vdc, Vee = 3.0 Vdc) 


ON CHARACTERISTICS(1) 
DC Current Gain 


(I¢ = 0.1 mAdc, VcE = 1.0 Vdc) MM3905 
MM3906 


OFF CHARACTERISTICS 


1.0 Vdc) MM3905 
MM3906 


(I¢ = 1.0 mAdc, VcE = 


(ic = 10 mAdc, Veg = 1.0 Vde) MM3905 
MM3906 


(i¢ = 50 mAdc, Veg = 1.0 Vdc) MM3905 
MM3906 


(i¢ = 100 mAdc, VcE = 1.0 Vdc) MM3905 
MM3906 


Collector-Emitter Saturation Voltage 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 
(I¢ = 50 mAdc, Ig = 5.0 mAdc) 


Base-Emitter Saturation Voltage 
(I¢ = 10 mAdc, Ig = 1.0 mAdc) 
(I¢ = 50 mAdc, Ip = 5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(1) 
(Ic = 10 mAdc, VcE = 20 Vde, f = 100 MHz) MM3905 
MM3906 


10 
15 _ 
_ p= foe | 
VBE(sat) a Vde 
0.95 
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MM3905, MM3906 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol _| 


Output Capacitance 

(VcB = 5.0 Vdc, IE = 0, f = 100 kHz) 
Input Capacitance 

(VBE = 0.5 Vde, Ic = 0, f = 100 kHz) 


Input Impedance 
(I¢ = 1.0 mAdc, Veg = 10 Vdc, f = 1.0 kHz) MM3905 
MM3906 


Voltage Feedback Ratio 
(I¢ = 1.0 mAdc, Vcge = 10 Vdc, f = 1.0 kHz) MM3905 
MM3906 


Small-Signal Current Gain 
(I¢ = 1.0 mAdc, VcE = 10 Vde, f = 1.0 kHz) MM3905 
MM3906 


Output Admittance . 
(I¢ = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) MM3905 
MM3906 


Noise Figure 
(Ic = 100 wAdc, VcEe = 5.0 Vdc, Rg = 1.0 k ohm, MM3905 
f = 10 Hz to 15.7 kHz) MM3906 


SWITCHING CHARACTERISTICS 


Delay Time (Vcc = 3.0 Vde, VBE(off) = 0.5 Vde, 


Storage Time MM3905 
(Vcc = 3.0 Vde, Ic = 10 mAdc, MM3906 


. Ipt = Ip2 = 1.0 mAdc) 
Fall Time MM3905 
MM3906 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
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MM4000 
thru 
MM4003 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


GENERAL PURPOSE TRANSISTOR 


PNP SILICON 


Refer to 2N3494 for graphs for MM4000.* 


MAXIMUM RATINGS 


| Rating | Symbol | Mi4oo0 |Mim4oo1 |miM4002| 

| Collector-Emitter Voltage | Vceo | 100 | 150 | 200 | 

[Collector-Base Voltage | Vepo | 100 | 150 | 200 | 250 | Vac 
| 40 | 40 | 40 


Emitter-Base Voltage = 
Collector Current — 
Continuous 

Total Device Dissipation 

@ Ta = 25°C 0.6 1.0 1.0 1.0 Watt 

Derate above 25°C 3.42 5.71 5.71 5.71 |mw/c 
Total Device Dissipation Watts 

@ Tc = 25°C 3.0 5.0 mWw/°C 

17.2 28.6 a : 
TJ, Tstg —65 to +200 °C 


Junction 
Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(Ic = 10 mAdc, Ip = 0) 


Collector-Base Breakdown Voltage © 
(IE = 0, Ic = 100 pAdc) 


Emitter-Base Breakdown Voltage 
(l—E = 100 pAdc, Ic = 0) 


Collector Cutoff Current 
(Vcp = 50 Vdc, Ie = 0) 
(VcB = 75 Vdc, Ig = 0) 
(VcB = 150 Vdc, Ie = 0) 
ON CHARACTERISTICS 
DC Current Gain(1) 
(Ic = 10 mAdc, VcE = 10 Vdc) 


Collector-Emitter Saturation Voltage(1) 
(i¢ = 10 mAdc, Ip = 1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(VcB = 20 Vdc, IE = 0, fie = 100 kHz) 


(1) Pulse Test: PW < 300 us, Duty Cycle < 2.0%. 


*Refer to 2N3634 for graphs for MM4001. 


Derate above 25°C 
[Symbot_ [Min [Max | Unit 


Operating and Storage 
V(BR)CEO 


MM4000° 
MmM4001 
MM4002 
MM4003 


V(BR)CBO 
Mm4000 
MmMa4001 Hs 
MMa4002 200 
MM4003 os 


ICBO pAdc 
MmM4000 
Mm4001 
MM4002, MM4003 
oe 
_ Br . 


MM4000, MM4001 
MM4002, MM4003 


MM4000 


MM4001 
MM4002, MM4003 


Refer to 2N4930 for graphs for MM4002 and MM4003. 
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MAXIMUM RATINGS 


anna 
[aledorEmiter Voge | Voeo | 60 
[coletor Base Vattege | Veao | 60 
[EnitierBess Vottigo | Vego | 80s *d| Vee 
Spear Cees 


Total Device Dissipation 
@ Ta = 25°C 
Derate above 25°C 
Total Device Dissipation 
@ Tc = 25°C 
Derate above 25°C 


MM4005 
thru 
MM4007 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


Characteristic 


AMPLIFIER TRANSISTOR 


PNP SILICON 


Thermal Resistance, Junction to Case 


Thermal Resistance, Junction to Ambient RejA(1) 


(1) RejA is measured with the device soldered into a typical printed circuit board. 


Refer to 2N4033 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


V(BR)CEO Vde 
60 
80 
100 

V(BR)CBO Vde 
60 
80 
100 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 

(Ic = 10 mAdc, Ip = 0) MM4005 
MM4006 
MM4007 © 


Collector-Base Breakdown Voltage 

(I¢ = 100 pAdc, IE = 0) MM4005 
MM4006 
MM4007 


Emitter-Base Breakdown Voltage 
(IE = 100 wAdc, Ic = 0) 


Collector Cutoff Current 

(VcB = 50 Vdc, IE = 0) MM4005 
(VcB = 60 Vdc, IE = 0) MM4006 
(Vcp = 80 Vdc, IE = 0) MM4007 


Emitter Cutoff Current 
(VBE = 3.0 Vdc, Ic = 0) 


ON CHARACTERISTICS(2) 


DC Current Gain 
(Il¢ = 1.0 mAdc, VcE = 1.0 Vdc) 
(I¢ = 150 mAdc, VcgE = 1.0 Vdc) 


Collector-Emitter Saturation Voltage VCE(sat) 0.1 Vdc 
(I¢ = 150 mAdc, Ip = 15 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 0.7 Vde 
(I¢ = 150 mAdc, Ip = 15 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(Ic = 50 mAdc, Vcg = 10 Vde, f = 20 MHz) 


Output Capacitance 


(VcB = 10 Vdc, IE = 0, f = 1.0 MHz) 


Input Capacitance 
(VBE = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 


(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MAXIMUM RATINGS 


Collector-Emitter Voltage 


MM4036 
_MM4037 


MM4036 
MM4037 


Collector-Base Voltage 
MM4036 


VCBO 
90 
MM4037 60 


Emitter-Base Voltage VEBO so | ve 


Base Current mAdc 


| Collector Current — Continuous a a eee 
Total Device Dissipation @ Ta = 25°C 1.0 Watt 
Derate above 25°C 5.71 mW/°C 
Total Device Dissipation @ Tc = 25°C 7.0 Watts 
Derate above 25°C 40 ~mWw/°C 
Operating and Storage Junction TJ, Tstg | —65 to +200 
Temperature Range 
SWITCHING TRANSISTOR THERMAL CHARACTERISTICS 


Symbol awe co 
Thermal Resistance, Junction to Case R@Jsc ae 
Thermal Resistance, Junction to Ambient RaJA(1) | 175 |e 


(1) Raja is measured with the device soldered into a typical printed circuit board. 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


_ Pe [-[-[*. 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
(I¢ = 10 mAdc, Ip = 0) MM4036 
MM4037 


Collector-Base Breakdown Voltage 
(I¢ = 100 pAdc, IE = 0) MM4036 
(I¢ = 10 pAdc, ig = 0) MM4037 


Emitter-Base Breakdown Voltage 
(IE = 100 pAde, Ic = 0) MM4036 


V(BR)CBO Vde 
90 
60 
V(BR)EBO Vde 

(IE = 1.0 wAde, Ic = 0) MM4037 
Collector Cutoff Current(1) ICEV 
(VcE = 60 Vdc, VBE(oft) = 1.5 Vdc) MM4036 nAdc 
(VcE = 30 Vdc, VBE(off) = 1.5 Vdc, Tc = 150°C) MM4036 — 
Collector Cutoff Current ICBO 

(VcB = 60 Vdc, IE = 0) MM4036, MM4037 tea! 


Emitter Cutoff Current 
(VBE = 3.0 Vdc, Ic = 0) MM4036 
(VBE = 5.0 Vdc, Ic = 0) MM4037 


ON CHARACTERISTICS(2) 


DC Current Gain 
(I¢ = 100 wAdc, VcE = 10 Vdc) MM4036 . 20 50 
(l¢ = 150 mAdc, VcE = 2.0 Vdc) MM4036_ 20 60 200 
(Ic = 150 mAdc, VcE = 10 Vdc) MM4036 40 90 140 
(I¢ = 500 mAdc, Vcg = 10 Vdc) MM4036 20 sh 
(I¢ = 1.0 mAdc, VcgE = 10 Vdc) MM4037 Mi 
(Ic = 150 mAdc, Vce = 10 Vdc) MM4037 


Collector-Emitter Saturation Voltage 
(Ic = 150 mAdc, Ip = 15 mAdc) MM4036 


VCE(sat) 
MM4037 
Base-Emitter Saturation Voltage VBE(sat) 4 
(Ic = 150 mAdc, lg = 15 mAdc) 
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MM4036, MM4037 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


ee a 


SMALL-SIGNAL CHARACTERISTICS 

Current-Gain — Bandwidth Product(2) T 400 ~ MHz 
(I¢ = 50 mAdc, Vcg = 10 Vdc, f = 20 MHz) 

Input Capacitance Cibo 
(Vee = 0.5 Vdc, Ic = 0, f = 1.0 MHz) MM4036, MM4037 


SWITCHING CHARACTERISTICS 


: (Vcc = 30 Vde, Ic = 150 mAdc, 
Ipi_= 15 mAdc) 
: (Vcc = 6.0 Vdc, Ic = 150 mAdc, 
Turn-Off Time . Ig1 = Ipo = 15 mAdc) 4 


(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 


Collector-Base Capacitance 
(Vcp = 10 Vdc, lg = 0, f = 1.0 MHz) MM4036_— 
MM4037 
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MM4052 


CASE 26-03, STYLE 1 
TO-46 (TO-206AB) 


MAXIMUM RATINGS 


Emitter-Base Voltage 


Collector Current — Continuous 


CHOPPER AND 
SWITCHING TRANSISTOR 


PNP SILICON 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Refer to 2N2944A for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max [unit _| 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vde 
(I¢ = 10 mAdc, Ip = 0) . 

Emitter-Collector Breakdown Voltage(1) V(BR)ECO Vdc 
(IE = 10 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(I¢ = 100 Ade, IE = 0) 

Emitter-Base Breakdown Voltage(1) V(BR)EBO Vdc 
(IE = 100 wAdc, Ic = 0) 

Collector Cutoff Current | ; icBO nAdc 
(Vcp = 15 Vdc, Ip = 0) 

Emitter Cutoff Current nAdc 
(Veg = 15 Vdc, Ic = 0) 

ON CHARACTERISTICS 


DC Current Gain(1) 
(i¢ = 10 mAdc, Veg = 1.0 Vdc) 
(Ic = 150 mAdc, VcE = 1.0 Vde) 
(I¢ = 150 mAdc, VcE = 1.0 Vdc) (Inverted) 


Offset Voltage 
(IRB = 1.0 mAdc, Iz = 0) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 

(VcB = 10 Vdc, IE = 0, 100 kHz < f < 1.0 MHz) | 
Input Capacitance 

(VEB = 10 Vde, Ic = 0, 100 kHz < f < 1.0 MHz) 


OFF CHARACTERISTICS 


Small-Signal Current Gain 
(I¢ = 10 mAdc, VcE = 1.0 Vde, f = 1.0 kHz) 
(I¢ = 10 mAdc, VcE = 1.0 Vde, f = 4.0 MHz) 


“ON” Series Resistance 
(IRB = 10 mAdc, f = 1.0 kHz) 


(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 20%. 


MOTOROLA SEMICONDUCTORS | | SMALL-SIGNAL DEVICES 


4-240 


MM4208 
MM4209 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 


Collector-Emitter Voltage 


12 
12 


Collector-Base Voltage 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


SWITCHING TRANSISTOR 


PNP SILICON 


Refer to MM4257 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 
Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(I¢ = 3.0 mAdc, Ip = 0) 


Collector-Emitter Breakdown Voltage 
(I¢ = 100 wAdc, Vege = 0) 


Collector-Base Breakdown Voltage 
(I¢ = 100 wAdc, IE = 0) 


Emitter-Base Breakdown Voltage 
(IE = 100 wAdc, Ic = 0) 


Collector Cutoff Current 
(VCE = 6.0 Vdc, VBE = 0) 
(VcE = 8.0 Vde, Vee = 0) 
(VcE = 6.0 Vde, Vee = 0, Ta = 125°C) 
(VcE = 8.0 Vdc, Vee = 0, Ta = 125°C) 


Base Current 
(VcE = 6.0 Vdc, Veg = 0) 
(VCE = 8.0 Vdc, VgE = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 1.0 mAdc, VcgE = 0.5 Vdc) 


(I¢ = 10 mAdc, VcgE = 1.0 Vde) 
(I¢ = 10 mAdc, VcE = 1.0 Vde, Ta = —55°C) 


(I¢ = 50 mAdc, VcgE = 1.0 Vde)(1) 


Collector-Emitter Saturation Voltage 
(I¢ = 1.0 mAdc, Ip = 0.1 mAdc) 
(I¢ = 10 mAdc, ig = 1.0 mAdc) 
(I¢ = 50 mAdc, Ip = 5.0 mAdc)(1) 
(I¢ = 1.0 mA, Ip = 0.1 mA) 

(I¢ = 10 mA, IB = 1.0 mA) 


SMALL-SIGNAL DEVICES 


MM4208 
MM4209 


MM4208 
MM4209 


MM4208 
MM4209 


MM4208 
MM4209 
MM4208 
MM4209 


MM4208 
MM4209 


MM4208 
MM4209 


MM4208 
MM4209 


MM4208 
MM4209 


MM4208 
MM4209 


MM4208 
MM4208 
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MM4209 
MM4209 
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V(BR)CEO 


V(BR)CES 


V(BR)CBO 


12 
15 


12 
15 


12 


15 
i al 


30 
VCE(sat) B 
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(I¢ = 1.0 mAdc, Ip = 0.1 mAdc) 

(I¢ = 10 mAde, Ip = 1.0 mAdc) . 
(I¢ = 50 mAdc, Ip = 5.0 mAdc)(1) - 

Output Capacitance Cobo 

(Vcp = 5.0 Vdc, Ie = 0, f = 140 kHz) 

_Input Capacitance | ? Cibo pF 
(VBE = 0.5 Vdc, Ic = 0, f = 140 kHz) 

SWITCHING CHARACTERISTICS 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted. a 
a 
07 75 
SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 
Turn-On Time : Eee ee oe 
Turn-Off Time , ie = | ek 


{ Base-Emitter Saturation Voltage 
fT 850 1300 
(ic = 10 mAdc, Veg = 10 Vde, f = 100 MHz) __MM4208 700 1200 
(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 1.0%. 


MOTOROLA SEMICONDUCTORS . SMALL-SIGNAL DEVICES 


4-242 


MM4257 
MM4258 


CASE 22, STYLE 1 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 


Collector-Emitter Voltage 


Collector-Base Voltage 
Emitter-Base Voltage 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


SWITCHING TRANSISTOR 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CES 
(I¢ = 100 pAdc, Veg = 0) MM4257 
MM4258 


Collector-Emitter Sustaining Voltage(1) VCEO(sus) Vdc 
(I¢ = 3.0 mAdc, Ig = 0) MM4257 6.0 
MM4258 12 
Collector-Base Breakdown Voltage V(BR)CBO Vde 
(I¢ = 100 Adc, IE = 0) MM4257 
MM4258 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 100 wAdc, Ic = 0) 
Collector Cutoff Current ICES pAdc 
(VcE = 6.0 Vdc, VpE = 0) 
(VcE = 3.0 Vdc, VgeE = 0, Ta = +65°C) 


ON CHARACTERISTICS(1) 


DC Current Gain 

(Ic = 1.0 mAdc, Vcge = 0.5 Vdc) 
(Ic = 10 mAdc, VcE = 0.3 Vde) 
(I¢ = 50 mAdc, Vcg = 1.0 Vdc) 


Collector-Emitter Saturation Voltage 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 
(I¢ = 50 mAdc, Ip = 5.0 mAdc) | 
Base-Emitter Saturation Voltage 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 
(I¢ = 50 mAdc, Ip = 5.0 mAdc) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(I¢ = 10 mAdc, Vcg = 5.0 Vde, f = 100 MHz) MM4257 
(I¢ = 10 mAdc, VcgE = 10 Vdc, f = 100 MHz) MM4258 


_ p-|- [| 
VBE(sat) Vdc 
0.75 


Input Capacitance 
(VBE = 0.5 Vde, Ic = 0, f = 100 kHz) 


Collector-Base Capacitance | 
(VcB = 5.0 Vde, IE = 0, f = 100 kHz) 
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MM4257, MM4258 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


' Characteristic 


SWITCHING CHARACTERISTICS 


Turn-On Time 


1.0 mAdc) 


1.5 Vde, Vege = 0, 


= 10 mAdc, Ip 


(Vcc 
Ic 


Delay Time 


Rise Time 


MM4257 
MM4258 


Turn-Off Time 


MM4257 
MM4258 


1.5 Vdc, 
Ic = 10 mAdc, 


Ip1 = Ip2 = 1.0 mAdc) 


(Vcc 


Storage Time 


Fall Time 


Storage Time 


MM4257 
MM4258 


10 mAdc, Ig, ~ 10 mAdc, Ip2 ~ 10 mAdc) 


(Ic = 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 


(2) ff is defined as the frequency at which |h¢g| extrapolates to unity. 


TYPICAL TRANSIENT CHARACTERISTICS 


FIGURE 2 — CAPACITANCE 


FIGURE 1 — CURRENT-GAIN — BANDWIDTH PRODUCT 
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FIGURE 4 — TURN-OFF TIME 


FIGURE 3 — TURN-ON TIME 
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Ic, COLLECTOR CURRENT (mA) 


Ic, COLLECTOR CURRENT (mA) 
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hee, DC CURRENT GAIN 


MM4257, MM4258 


FIGURE 5S -- SWITCHING TIME TEST CIRCUIT 


Vout 
0.1 uF Zin > 100 kQQ 
tr < 1.0 ns 


Vin 
Zin =50Q 
tr<10ns 93500 
tw = 240 ns 


DC CURRENT GAIN 


FIGURE 6 — MM4257 | FIGURE 7 — MM4258 
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MM5005 
MM5006 
MM5007 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


| Rating | Symbol | mimis005| mmso06|MMs007| Unit _ 
[Collector-Emitter Voltage | Vceo | 60 | 80 | 100 | Vac_| 
[Collector-Base Voltage | Vcpo | 80 | 100 | 120 | Vdc 
[| Emitter-Base Voltage | Vepo | Odo 
[Collector Current — Continuous | Ic _ | 


Total Device Dissipation 
@ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation 
@ Tc = 25°C 
Derate above 25°C mWw/°C 


Operating and Storage Junction Ty, Tstg —65 to +200 “C 
Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | Max | Unit _| 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vdc 
(Ic = 10 mAdc, Ip = 0) MM5005 60 

MM5006 80 
MM5007 100 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(I¢ = 100 wAdc, IE = 0) MM5005 80 
MM5006 100 
MM5007 120 


Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 100 Adc, Ic = 0) 


Collector Cutoff Current ICBO * nAdc 
(VcB = 60 Vdc, IE = 0) MM5005 200 
(VcB = 80 Vdc, IE = 0) MM5006 200 
(VcB = 100 Vdc, IE = 0) MM5007 . 200 


Emitter Cutoff Current 
(VEB = 4.0 Vde, Ic = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(I¢ = 1.0 mAdc, VcE = 1.0 Vdc) All Types 
(I¢ = 150 mAdc, VcE = 2.5 Vde) MM5005 
(I¢ = 200 mAdc, Vcg = 2.5 Vdc) MM5006 
(I¢ = 250 mAdc, VcE = 2.5 Vdc) MM5007 


Collector-Emitter Saturation Voltage 
(Ic = 150 mAdc, Ip = 15 mAdc) 


Base-Emitter On Voltage 
(Ic = 150 mAdc, VcgE = 2.5 Vde) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(1) 
(Ic = 50 mAdc, Vcge = 10 Vdc, f = 20 MHz) 


AUDIO TRANSISTOR 


PNP SILICON 


Output Capacitance 
(VcB = 10 Vdc, IE = 0, f = 100 kHz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle = 2.0%. 
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MAXIMUM RATINGS 


Rating 


MM5262 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C ; 


Operating and Storage Junction Ty, Tstg — 65 to + 200 °C 
Temperature Range 
THERMAL CHARACTERISTICS 


| Characteristic | Symbot_| Max | Unit 
Thermal Resistance, Junction to Case ReJjc 4a | ow 
Thermal Resistance, Junction to Ambient ReJA(1) 


(1) Raja is measured with the device soldered into a typical printed circuit board. 


GENERAL PURPOSE TRANSISTOR 


NPN SILICON 


Refer to 2N3724 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


en 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO Vdc 
(Ic = 10 mAdc, Ip = 0) 
Collector-Emitter Breakdown Voltage V(BR)CES Vde 
(Ic = 1.0 mAdc, Vege = 0) 
Collector-Base Breakdown Voltage V(BR)CBO 75 Vde 
(Ic = 10 pAdc, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 10 wAdc, ic = 0) 


Emitter Cutoff Current Adc 
(VBE = 5.0 Vdc, Ic = 0) . 
ON CHARACTERISTICS(2) 
hFE 

(I¢ = 500 mAdc, Vcge = 1.0 Vdc) 

(Ic = 1.0 Ade, Vee = 1.0 Vde) 
SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 


Collector Cutoff Current ICBO pAdc — 
(VcB = 75 Vdc, Ie = 0) 

DC Current Gain 

Collector-Emitter Saturation Voltage VCE(sat) Vde 
(i¢ = 1.0 Ade, IR = 100 mAdc) 
(Ic = 50 mAdc, Vcg = 10 Vdc, f = 100 MHz) 


Collector Cutoff Current ICES pAdc 
(VcE = 60 Vdc, Vee = 0) 
(I¢ = 100 mAdc, VcE = 1.0 Vdc) 

Base-Emitter Saturation Voltage VBE(sat) Vdc 
(I¢ = 1.0 Ade, Ig = 100 mAdc) | 

Output Capacitance 


(VcB = 10 Vdc, IE = 0, f = 1.0 MHz) 


Input Capacitance 
(VBE = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS 


ee ae ae ee 
|Tunoftime toe P= es 


(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MAXIMUM RATINGS 


MMS415 oni] 
Vie 
Vie 
a 


MM5416 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


mMs415|MM5416| 

| Collector-Emitter Voltage =|“ Vceo | 200 | 300 | vd 
Fcotlectorbase Voltage ‘| Vogo | 200 | 360 | vac | 
: 
|BaseCurrent =| | | 
Collector Current — Continuous — | otic | 10 | d 


Vv 
oY 
V 
ma, 
Total Device Dissipation @ Ta = 25°C Lo ean ee 
: Derate above 25°C W/°C 


c 
c 
c 
c 
c 


1.0 
6.7 
Total Power Dissipation @ Tc = 50°C. 10 Watts 
Linear Derating Factor 0.057 mW/°C 
Operating and Storage Junction Ty. Tstg —65 to +200 °C 
Temperature Range 
THERMAL CHARACTERISTICS 


Characteristic | Symbol | Max | Unit 
Thermal Resistance, Junction to Case Re@Jc °C/W 
Thermal Resistance, Junction to Ambient R@JA | 150 | ow 


TRANSISTOR 


PNP SILICON 


Refer to 2N5415 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


(ic = 10 mA, Ip = 0) MM5415 


VCEO(sus) Vdc 
200 
MM5416 300 
Collector Cutoff Current . ICEO pAdc 
(VcE = 150 Vdc, Ip = 0) : MM5415, MM5416 

Collector Cutoff Current ICBO 
pAdc 
pAdc 


(VcE = 175 Vde, Ip = 0) | MM5415 
_ (VCE = 280 Vdc, IE = 0) MM5416 
hee 
150 
120. 
Collector-Emitter Saturation Voltage VCE(sat) Vde 
(Ic = 50 mAdc, Ip = 5.0 mAdc) MM5415, MM5416 
Base-Emitter On Voltage VBE(on) 1.5° ~ Vde 
(ic = 50 mAde, Veg = 10 V) | MM5415, MM5416 All 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(I¢ = 10 mAdc, VcE = 10 Vdc, f = 5.0 MHz) 
Output Capacitance 

(VcB = 10 Vde, f = 1.0 MHz). 
Current Gain — High Frequency 

(I¢ = 5.0 mAdc, VcE = 10 Vde, f = 1.0 kHz) 


Real Part of Input Impedance 
(I¢ = 5.0 mAdc, VcgE = 10 Vdc, f = 1.0 MHz) 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 


Emitter Cutoff Current 
(VBE = 4.0 Vdc, Ic = 0) MM5415 
(VBE = 7.0 Vdc, Ic = 0) MM5416 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 50 mAdc, VcgE = 10 Vdc) MM5415 
MM5416 
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MAXIMUM RATINGS Mi M642 7 


| Rating | Symbol | Value | Unit 
[Collector-Emitter Voltage | Vceo | 40 | de 
| Collector-Base Voltage | Vcwo | 80 | Vdc 
[Collector Current — Continuous | tc =| 800 | made 


Total Device Dissipation @ Ta = 25°C 375 mw 
Derate above 25°C 2.14 W/°C 

Total Device Dissipation @ Tc = 25°C 1.25 Watts 
Derate above 25°C 7.15 W/°C 

Operating and Storage Junction Ty, Tstg —65 to +200 bi 8 
Temperature Range 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


DARLINGTON TRANSISTOR 


NPN SILICON 


THERMAL CHARACTERISTICS 


Characteristic Symbol | Max =| Unit 
Thermal Resistance, Junction to Case | Rec | 140 =| cow | 


Thermal Resistance, Junction to Ambient R@JA °C/W 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


| Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vde 
(I¢ = 1.0 mAdc, Ip = 0) 


Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(I¢ = 100 wAdc, IE = 0) 

Emitter Cutoff Current nAdc 
(VBE = 10 Vdc, Ic = 0) 
(I¢ = 10 mAdc, VcgE = 5.0 Vdc) 

Base-Emitter On Voltage VBE(on) Vdc 
(Ic = 100 mAdc, VcgE = 5.0 Vdc) 

Input Capacitance Cibo pF 

_ (VBE = 0.5 Vde, Ic = 0, f = 100 kHz) 


Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 10 pAdc, ic = 0) 

Collector Cutoff Current ICBO nAdc 
(VcB = 30 Vdc, Ig = 0) 

ON CHARACTERISTICS(1) 

DC Current Gain hre 

5000 

(Ic = 100 mAdc, VcgE = 5.0 Vdc) 10,000 

Collector-Emitter Saturation Voltage VCE(sat) Vde 
(I¢ = 100 mAdc, Ig = 0.1 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance Cobo 
(VcB = 10 Vdc, IE = 0, f = 100 kHz) 

Small-Signal Current Gain(1) hfe 
(Ic = 10 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 

(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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CASE 20-03 CASE 607-04 


CASE 22-03 CASE 610A-04 CASE 646 CASE 654-07 
TO-18 


Motorola’s multiple (Duals and Quads) transistors have been 
implemented with discrete transistor chips that have proven to 
be the most popular for all-around performance at low cost. 

Packaging options include plastic and ceramic DIP’s, ceramic 
flat pak, and various metal-can outlines. 


5-1 


Multiple 
Transistors 


3) 


MAXIMUM RATINGS 


ete Ea [nv 
Rating 2N2223,A | 2N2480 | 2N2480A 

| ceo | 60 | 

panorama a Ne 
| Collector-Base Voltage | Vepo | _t00_| 75 | 80 | de 
| Emitter-Base Voltage | Vepo | 7.0 | 50 | 50 | Vdo_ 
[Collector Current— Continuous | tc | 800 mde 


All Die 
One Die Equal Power 


Total Device Dissipation 
@ Ta = 25°C 
2N2060,A 
2N2223,A 
2N2480,A 
Derate above 25°C 
2N2060,A 
2N2223,A 
2N2480,A 


Total Device Dissipation 
@ Tc = 25°C 
2N2060,A 
2N2223,A 
2N2480,A 
Derate above 25°C 
2N2060,A 
2N2223,A 
2N2480,A 


2N2060,A 
2N2223,A 
2N2480,A 


2N2060 JAN, JTX, JTXV 
AVAILABLE 
CASE 654-07, STYLE 1 


| 


DUAL 
AMPLIFIER TRANSISTOR 


NPN SILICON 


Refer to MD2218 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Pp haracteristic | Symbot | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) VCER(sus) 
(ic = 100 mAdc, Rge < 10 ohms) 2N2060, 2N2060A, 2N2223, 2N2223A 


Collector-Emitter Sustaining Voltage(1) VCEO(sus) 
(Ic = 20 mAdc, Ip = 0) 2N2480 
2N2480A 


(ic = 30 mAdc, Ip = 0) 2N2060, 2N2060A, 2N2223, 2N2223A 


Collector-Base Breakdown Voltage 
(Ic = 100 wAdc, IE = 0) 2N2060, 2N2060A, 2N2223, 2N2223A 
2N2480* 

2N2480A* 


V(BR)CBO 


Emitter-Base Breakdown Voltage 
(l— = 100 pAdc, ic = 0) 2N2060, 2N2060A, 2N2223, 2N2223A 
2N2480, 2N2480A 


V(BR)EBO 


Collector Cutoff Current 
(VcB = 30 Vdc, Ig = 0, Ta 


150°C) 2N2480, 2N2480A 


(Vcp = 60 Vdc, Ie = 0) . 2N2480 
; 2N2480A 


(Vcg = 80 Vde, Ig = 0) 2N2060, 2N2060A 
! 2N2223, 2N2223A 


80 Vdc, Ie = 0, Ta = 150°C) _ 2N2060, 2N2060A 
2N2223, 2N2223A 


(VcB = 


Emitter Cutoff Current 
(VBE = 5.0 Vdc, Ic = 0) 2N2060, 2N2060A 
2N2223, 2N2223A 

2N2480 
2N2480A 
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2N2060,A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 
Characteristic | 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 10 wAdc, Vce = 5.0 Vdc) 


(Ic = 100 wAdc, VcE = 5.0 Vdc) 


1.0 mAdc, VcE = 5.0 Vdc) 


10 mAdc, Vcg = 5.0 Vdc) 


Collector-Emitter Saturation Voltage 
(Ic = 50 mAdc, Ip = 5.0 mAdc) 


Base-Emitter Saturation Voltage 
(Ic = 50 mAdc, |p = 5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 50 mAdc, Vcge = 10 Vdc, 
f = 20 MHz) 


Output Capacitance 
(Veg = 10 Vdc, Ip = 0, f = 1.0 MHz) 


Input Capacitance 
(VBE = 0.5 Vde, Ic = 0, f = 1.0 MHz) 


Input Impedance 
(I¢ = 1.0 mAdc, Vcge = 5.0 Vdc, 
f = 1.0 kHz) 


Input Impedance 
(IC = 1.0 mAdc, Vcg = 5.0 Vdc, 
f = 1.0 kHz) 


Voltage Feedback Ratio 
(Ic = 1.0 mAdc, Vcg = 5.0 Vdc, 
f = 1.0 kHz) 


Small-Signal Current Gain 
(I¢ = 1.0 mAdec, VcgF = 5.0 Vde, 
f = 1.0 kHz) 


Output Admittance 
(Ic = 1.0 mAdc, VcE 
f = 1.0 kHz) 


Output Admittance 
(I¢ = 1.0 mAdc, VcB 
f = 1.0 kHz) 


Noise Figure 
(I¢ = 0.3 mAdc, Vcg = 10 Vdc, 
Rs = 510, 
f = 1.0 kHz, BW = 1.0 Hz) 
(I¢ = 0.3 mAdc, Vcge = 10 Vdc, 


[symbot_[ Min [Max [Une] 


2N2060, 2N2060A 
2N2223, 2N2223A 


2N2060, 2N2060A 
2N2223, 2N2223A 
2N2480 

2N2480A 


2N2060, 2N2060A 
2N2480 . 
2N2480A 


2N2060, 2N2060A 
2N2223, 2N2223A 


VCE(sat) 
2N2060A 


2N2060, 2N2223, 2N2223A, 2N2480A 
2N2480 


VBE(sat) 
2N2060, 2N2060A, 
2N2223, 2N2223A, 2N2480A 
2N2480 


2N2223, 2N2223A 
2N2480, 2N2480A 
2N2060, 2N2060A 


2N2060, 2N2060A, 2N2223, 2N2223A 
2N2480A 
2N2480 


2N2060, 2N2060A, 2N2223, 
2N2223A, 2N2480A 


—) 
® 


2N2060, 2N2060A 
2N2480A 


2N2060, 2N2060A, 2N2223, 
2N2223A 
2N2480A 


2N2223, 2N2223A 


2N2060, 2N2060A 
2N2223, 2N2223A 
2N2480A 


aha 
ooo 


2N2060, 2N2060A, 2N2480A 


2N2223, 2N2223A 


2N2480, 2N2480A 


a 
° 
ion 
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2N2060,A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 
n Characteristic 


Rs = 510.0, - . . 

f = 1.0 kHz, BW = 200 Hz) 2N2060, 2N2060A 
(Ic = 0.3 mAde, VcE = 10 Vdc, 

Rs = 1.0 kQ, 

f = 1.0 kHz, BW = 15.7 kHz)(2) 


MATCHING CHARACTERISTICS 


| DC Current Gain Ratio(3) heeq/hre2 
| (Ic = 100 wAdc, VcE = 5.0 Vdc) . 2N2060, 2N2060A, 2N2223A 
| 2N2223, 2N2480, 2N2480A 
| | (Ie = 1.0 mAdc, Veg = 5.0 Vdc) 2N2060, 2N2060A | 
| 2N2480, 2N2480 
! Base-Emitter Voltage Differential IVBE1-VBE2l 
! (Ic = 100 wAdc, VcE = 5.0 Vdc) 2N2060A 
2N2060, 2N2223A, 2N2480A 
2N2480 
2N2223 
(ic = 1.0 mAdc, VcE = 5.0 Vdc) 2N2060, 2N2060A, 2N2480A 
; : 2N2480 


Base-Emitter Voltage Differential Change Due to Temperature 

| (l¢ = 100 wAdc, VcE = 5.0 Vdc, 

Ta = —55°C to + 125°C) 2N2060A 
2N2060 
2N2223, 2N2223A 
2N2480, 2N2480A 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
(2) Amplifier: 3.0 Db points at 25 Hz and 10 kHz with a roll-off of 6.9 dB per octave. 
(3) The lowest hfe reading is taken as hf¢, for this ratio. 


FIGURE 1 — DC CURRENT GAIN versus COLLECTOR CURRENT ; FIGURE 2 — “ON” VOLTAGES 


See eerste 
K 80 aT it TN S$ 08 bs 
SU ITT TIAN) gS er HE 
oc = pentane 
a smn | : = pee ro 
P PCR CUM CNT 0 Ee 
£ rd 3 ery eee a 0) 0 a 
Hat HN 0000 RQ (eth ot 
0 ob ae 
Vee(sat) @ tolg = 10 | ee | 


BABIN AV TT 


0.01 100 300 1.0 100 500 
lo COLLECTOR CURRENT (MA) " COLLECTOR CURRENT (MA) 
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2N2453,A 


CASE 654-07, STYLE 1 


MAXIMUM RATINGS 


DUAL 
AMPLIFIER TRANSISTOR 


NPN SILICON 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Refer to 2N2920 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


po haracteristic | Symbot | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage(1) VCEO(sus) _ Vde 
(Ic = 10 mAdc, Ip = 0) 2N2453 
2N2453A 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(I¢ = 10 Adc, Ie = 0) 2N2453 60 
2N2453A 80 


Emitter-Base Breakdown Voltage V(BR)EBO 70 Vde 
(IE = 0.1 wAdc, Ic = 0) . 4 


Collector Cutoff Current 

(VcB = 50 Vdc, IE = 0) 

(VcB = 50 Vdc, Ie = 0, Ta = 150°C) 
Emitter Cutoff Current 

(Vee = 5.0 Vde, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 10 wAdc, VcE = 5.0 Vdc) 
(I¢ = 10 wAdc, Vce = 5.0 Vdc, Ta = —55°C) 
(I¢ = 1.0 mAdc, Vcg = 5.0 Vdc) 

(Ic = 1.0 mAdc, Voge = 5.0 Vde, Ta = — 55°C) 75 


Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(I¢ = 5.0 mAdc, IR = 0.5 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) Vdc 
(I¢ = 5.0 mAdc, Ip = 0.5 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product fT 
(I¢ = 5.0 mAdc, VcE = 10 Vde, f = 30 MHz) 


Output Capacitance Cobo 
(VcB = 10 Vde, Ie = 0, f = 140 kHz) 

Input Capacitance Cibo pF 
(VBE = 0.5 Vdc, Ic = 0, f = 140 kHz) : 

Input Impedance 
(I¢ = 1.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz) 

input Impedance 20 
(Ic = 1.0 mAdc, Vcg = 5.0 Vde, f = 1.0 kHz) 
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| , 2N2453,A 


| ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 
Oe Characteristic 


Voltage Feedback Ratio 
(I¢ = 1.0 mAdc, VcE = 5.0 Vde, f = 1.0 kHz) 


| Voltage Feedback Ratio 
(I¢ = 1.0 mAdc, Vcg = 5.0 Vde, f = 1.0 kHz) 


Small-Signal Current Gain 
| (I¢ = 1.0 mAdc, VcE = 5.0 Vde, f = 1.0 kHz) 


Output Admittance 
(ic = 1.0 mAdc, VcE = 5.0 Vde, f = 1.0 kHz) 


Output Admittance 
(I¢ = 1.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz) 


Noise Figure . 
(Ic = 10 wAde, Vcg = 5.0 Vde, Rg = 10 kO, f = 1.0 kHz) 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio(2) hreeq/hFe2 
(Ic = 100 wAde, Vege 2N2453A 
(I¢ = 1.0 mAdc, VcE 
(I¢ = 1.0 mAdc, VcE 


Base-Emitter Voltage Differential I\VBE1-VBE2! 
(ic = 10 wAdc, Vcg = 5.0 Vdc) 
(ic = 1.0 mAdc, Vcg = 5.0 Vde) 

Base-Emitter Voltage Differential Gradient . A(VBE1-VBE2) 


(ic = 10 wAdc, VcE = 5.0 Vde, Ta = —55°C to + 125°C) 2N2453 ia 
2N2453A 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
(2) Lowest hfe reading is taken as hrE1 for this ratio. 
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2N2639 
thru 
2N2644 


MAXIMUM RATINGS 


CASE 654-07, STYLE 1 


Emitter-Base Voltage 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 300 600 mW 
Derate above 25°C 1.72 3.43 |. 

Total Device Dissipation @ Tc = 25°C 600 1200 | mW 
Derate above 25°C © 3.43 6.87 mW/°C 

Operating and Storage Junction 
Temperature Range 


Fone bie [Both bie| | 


DUAL 
AMPLIFIER TRANSISTOR 


NPN SILICON 


Refer to 2N2913 for graphs. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 
PF Characteristic | Symbot | Min, | Max | Unit _| 
OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage(1) 
(I¢ = 10 mAdc, Ip = 0) 
Collector Cutoff Current 
(VcE = 5.0 Vde, Ip = 0) 
Collector Cutoff Current 
(VcB = 45 Vdc, Ie = 0) 
(VcB = 45 Vdc, IE = 0, TA = +150°C) 
Emitter Cutoff Current 
(VEgB = 5.0 Vde, Ic = 0) 
ON CHARACTERISTICS(1) 
DC Current Gain 


(Ic = 10 wAdc, VcE = 5.0 Vdc) 2N2639, 2N2640, 2N2641 
2N2642, 2N2643, 2N2644 


(ic = 10 wAdc, VcE = 5.0 Vde, Ta = —55°C) 2N2639, 2N2640, 2N2641 
2N2642, 2N2643, 2N2644 


(Ic = 100 wAdc, VcE = 5.0 Vdc) 2N2639, 2N2640, 2N2641 
2N2642, 2N2643, 2N2644 


(I¢ = 1.0 mAde, Vcg = 5.0 Vdc) 2N2639, 2N2640, 2N2641 
2N2642, 2N2643, 2N2644 


Collector-Emitter Saturation Voltage VCE(sat) 
(I¢ = 10 mAdc, Ip = 0.5 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 
(Ic = 10 mAdc, Ip = 0.5 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 1.0 mAdc, VcgE = 5.0 Vde, f = 20 MHz) 


Output Capacitance 
(VcB = 5.0 Vde, IE = 0, f = 1.0 MHz) 


Input Impedance 
(Ic = 1.0 mAdc, Vcg = 5.0 Vde, f = 1.0 kHz, IE = 


Voltage Feedback Ratio 


(ic = 1.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz, IE = 
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| ~ 2N2639 thru 2N2644 


Characteristic 


Small-Signal Current Gain ~ 
(ic = 1.0 mAdc, Veg = 5.0 Vde, f = 1.0 kHz) 2N2639, 2N2640, 2N2641 


2N2642, 2N2643, 2N2644 . 


Output Admittance 


(ic = 1.0 mAdc, Vcp = 5.0 Vde, f = 1.0 kHz, Ip = —1.0 mA) 
Noise Figure > 

(I¢ = 10 pAdc, Vcg = 5.0 Vde, 

Rs = 10 kQ, Bandwidth = 10 Hz to 15 kHz) 


| MATCHING CHARACTERISTICS 


- DC Current Gain Ratio(2) 
(I¢ = 10 wAdc, VcgE = 5.0 Vde) 2N2639, 2N2642 
2N2640, 2N2643 


Base-Emitter Voltage Differential 
(I¢ = 10 wAdc, VcE = 5.0 Vdc) 2N2639, 2N2642 
2N2640, 2N2643 


Base-Emitter Voltage Differential Gradient . 
(Ic = 10 wAdc, VcE = 5.0 Vde, TA = —55 to +125°C) 2N2639, 2N2642 
2N2640, 2N2643 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
(2) The lowest hfg reading is taken as hfE1 for this test. 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


hre1/hrE2 


\VBE1-VBE2! 


A(VBE1-VBE2) 
ATA 


MOTOROLA SEMICONDUCTORS 


SMALL-SIGNAL DEVICES 


2N2652,A 


CASE 654-07, STYLE 1 


MAXIMUM RATINGS 
[Golecar miter Vote ————~*d:~ceg |i 
[colectorBase Voltage ~~~ Vcgo | 10 


Emitter-Base Voltage 
Collector Current — Continuous Ic 


DUAL 
AMPLIFIER TRANSISTOR 


NPN SILICON 


| 800 
0.6 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Total Device Dissipation @ Ta = 25°C 0.3 ; 
Derate above 25°C 1.72 3.43 


1.0 2.0 
5.7 11.4 


Operating and Storage Junction Ty, Tstg —65 to +200 °C 
Temperature Range 


Refer to 2N2060,A for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


po Characteristic | Symbot | Min | Max | Unit _| 
OFF CHARACTERISTICS 
| Mierjceo | 60 | — | vac | 


Collector-Emitter Breakdown Voltage(1) (Ic = 20 mAdc, Ig = 0) 


Collector-Base Breakdown Voltage (Ic = 100 wAdc, IE = 0) V(BR)CBO | 100 = 6| 6=— =| Vdc | 
Emitter-Base Breakdown Voltage (Iz = 100 wAdc, Ic = 0) Vipriepo | 7.0 | — | Vdc | 


Collector Cutoff Current (Vcp = 50 Vdc, IE = 0) ICBO 0.010 pAdc 
(VcB = 50 Vdc, IE = 0, Ta = 150°C) 15 


Emitter Cutoff Current (VpE = 5.0 Vdc, Ic = 0) 2N2652 
ON CHARACTERISTICS 


DC Current Gain (Ic = 100 wAdc, Vcg = 5.0 Vdc) 
(I¢ = 1.0 mAdc, Vcg = 5.0 Vdc) 
(i¢ = 1.0 mAdc, VcgE = 5.0 Vdc, Ta = —55°C) 15 


| Collector-Emitter Saturation Voltage (Ic = 50 mAdc, Ip = 5.0mAdc) | Vcetsaty) | ~~ | 12 | vdeo 
| Base-Emitter Saturation Voltage (Ic = 50mAdc,Ig = 5.0mAdc) | Vesa) | — | 09 | Vado | 
SMALL-SIGNAL CHARACTERISTICS | 
[current-Gain— Bandwidth Product ig = 60 mAde, Vog = 10Vde,f=20Mi) | [60 | — | MH | 
| Output Capacitance (Veg = 10Vdele=Of=1.0MH) | Cobo | | 5 
input Capacitence (Wee = 0,05 Vde,lg=0f= 10H) ———~S~«dtCSC*~w ib «YC 
Input Impedance (Ic = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 10.5 
[Input Impedance (Ic = 1.0mAdc, Veg = 5.0Vdef=10kH2) | ib | 20 | 85 | ohms 
Smail-Signal Current Gain (l¢ =.1.0 mAdc, Vce = 5.0 Vdc, f = 1.0 kHz) ma ae eS eee 


fe 300 
Output Admittance (Ic = 1.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz) hoe | — | 50 | mmhos | 


(Ic = 0.3 mAdc, VcE = 10 Vdc, Rg = 610 ohms, B. W. = 1.0 Hz, f = 1.0 kHz) 
MATCHING CHARACTERISTICS 
DC Current Gain Ratio(2) (Ic = 100 wAdc, VcE = 5.0 Vdc) 2N2652 hFe1/hFE2 0.85 1.0 
0.85 1.0 
\VBE1-VBE2! 3.0 | mVdce 
3.0 
A(VBE1-VBE2) 10 uV/PC 
(I¢ = 100 wAdc, VcE = 5.0 Vde, Ta = —55 to + 125°C) ATa 
(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 


(i¢ = 1.0 mAdc, VcE = 5.0 Vdc) 2N2652 
(2) The lowest of the two hg¢ readings is taken as hfey for the purpose of measurement. 


Base-Emitter Voltage Differential (Ic = 100 wAdc, Vcfg = 5.0 Vdc) 


(I¢ = 1.0 mAdc, VcE = 5.0 Vdc) 
Base-Emitter Voltage Differential Gradient 
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2N2720 
2N2721 


CASE 654-07, STYLE 1 
MAXIMUM RATINGS 


Symbol 
Collector-Emitter Voltage VCEO aie ee 


Collector Current — Continuous fic | 40. made | 
CT SC™~—C—C(CStSCSTSC*d ne ie [BoD |_| 


Total Device Dissipation @ Ta = 25°C 0.3 0.6 Watt 
Derate above 25°C 1.71 3.4 mWw/°C 
Total Device Dissipation @ Tc = 25°C 0.6 1.2 Watt 
Derate above 25°C 3.4 6.8 mw/°C 
Operating and Storage Junction Ty, Tstg — 65 to +200 °C 
Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit 
OFF CHARACTERISTICS | 


Collector-Emitter Breakdown Voltage(1) (Ic = 10 mAdc, Ig = 0) V(BR)CEO | 6 | — | Vdc | 
Collector Cutoff Current (VcE = 5.0 Vdc, ip = 0) ICEO | — [| 10 | nAde | 


Collector Cutoff Current (Vcp = 60 Vdc, IE = 0) - IcBo 0.01 pAdc 
(VcB = 60 Vdc, IE = 0, Ta = 150°C) 10 


(I¢ = 1.0 mAdc, VcE = 5.0 Vdc) 


hee 30 120 
35 = 
(I¢ = 10 mAdc, VcE = 5.0 Vdc) 42 


Collector-Emitter Saturation Voltage (Ic = 10 mAdc, Ip = 1.0 mAdc) VCE(sat) | — | 10 | Vvde | 
Base-Emitter Saturation Voltage (I¢ = 10 mAdc, Ip = 1.0 mAdc) VBE(sat) | 065 | 085 | Vde | 


SMALL-SIGNAL CHARACTERISTICS 

Current-Gain — Bandwidth Product (i¢ = 10 mAdc, Vcg = 10 Vdc, f = 20 MHz) 
Output Capacitance (Vcp = 5.0 Vdc, IE = 0, f = 1.0 MHz) 

Input Impedance (I—- = 1.0 mAdc, Vcp = 5.0 Vde, f = 1.0 kHz) 


AMPLIFIER TRANSISTOR 


NPN SILICON 


Refer to 2N2060 for graphs. 


ON CHARACTERISTICS 


DC Current Gain (Ic = 100 wAdc, VcE = 5.0 Vdc) 


Voltage Feedback Ratio (lp = 1.0 mAdc, Vcp = 5.0 Vdc, f = 1.0 kHz) 
Small-Signal Current Gain (lc = 1.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz) 
Output Admittance (Ip = 1.0 mAdc, Vcp = 5.0 Vde, f = 1.0 kHz) 
MATCHING CHARACTERISTICS 


DC Current Gain Ratio(2) hee1/hFE2 
(ic = 100 wAdc, VcE = 5.0 Vdc) 2N2720 0.9 
2N2721 0.8 
Base-Emitter Voltage Differential \VBE1-VBE2! 
(Ic = 100 wAdc, Vce = 5.0 Vdc) 2N2720 
2N2721 


Base-Emitter Voltage Differential Change Due to Temperature A(VBE1-VBE2) 
(I¢ = 100 wAdc, VcE = 5.0 Vde, Ta = —55 to +25°C) 2N2720 
2N2721 
(Ic = 100 wAdc, VcgE = 5.0 Vde, Ta = +25 to +125°C) 2N2720 
2N2721 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
(2) The lower of the two he¢ readings is taken as hfE for the purpose of measurement. 
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2N2722 


CASE 654-07, STYLE 1 


MAXIMUM RATINGS 
[Rating ~~~ Symbot| Value Uni 
[oeciorEmiter Votage ———~——*dCVceo [asd 
Fcalector-ese Voltage ——SSS*d Veg | as de 
'EritierSue0 Voltege Sd (Ve | 
ee 


Total Device Dissipation @ Ta = 25°C 0.3 Watt 
Derate above 25°C 1.7 mWw/°C 
Total Device Dissipation @ Tc = 25°C 0.6 1.2 Watts 
Derate above 25°C 3.4 6.8 mWw/°C 
Operating and Storage Junction Ty, Tstg —65 to +200 i 8 
Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Pp Characteristic | Symbot | min Max | Unit | 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage(1) (Ic = 10 mAdc, Ig = 0) 


DUAL 
AMPLIFIER TRANSISTOR 


NPN SILICON 


Refer to 2N2920 for graphs. 


Collector-Base Breakdown Voltage (Ic = 10 wAdc, Ip = 0) 


Collector Cutoff Current (Vcg = 5.0 Vdc, Ip = 0) 


Collector Cutoff Current (Vcp = 30 Vdc, IE = 0) 
(VCR = 30 Vdc, IE = 0, Ta = 150°C) 


Emitter Cutoff Current (Veg = 5.0 Vdc, Ic = 0) 
ON CHARACTERISTICS 


DC Current Gain 


(I¢ = 1.0 wAdc, VcE = 5.0 Vdc) 
(I¢ = 10 wAdc, Vce = 5.0 Vdc) 


hFE 50 250 
(I¢ = 0.1 mAdc, VcE = 5.0 Vdc) 


Collector-Emitter Saturation Voltage (Ic = 10 mAdc, Ip = 0.5 mAdc) VCE(sat) 


Base-Emitter Saturation Voltage (ic = 10 mAdc, Ip = 0.5 mAdc) VBE(sat) 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product (Ic = 10 mAdc, Vcg = 10 Vdc, f = 20 MHz) 


Output Capacitance (Vcp = 5.0 Vdc, Ie = 0, f = 1.0 MHz) 
Input Impedance (Ig = 1.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz) 25 


— = 
nN © 
o1 oO 


Voltage Feedback Ratio (IE = 1.0 mAdc, Vcp = 5.0 Vde, f = 1.0 kHz) 


Small-Signal Current Gain (Ig = 0.1 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz) 
Output Admittance (Ip = 1.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz) 


Noise Figure (Ic = 10 wAdc, Vcg = 5.0 Vdc, Rg = 10 kO, f = 10 Hz to 15.7 kHz) 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio(2) hreq/hFe2 
(Ic = 1.0 wAdc, VcE = 5.0 Vdc) 
Base-Emitter Voltage Differential \VBE1-VBEQ! mVdc 
(i¢ = 10 wAdc, Vce = 5.0 Vdc) 
Base-Emitter Voltage Differential Change Due to Temperature A(VBE1-VBE2) mVdc 
0.8 
1.0 


(ic = 10 wAde, Vcg = 5.0 Vde, Ta = —55 to + 25°C) 
(Ic = 10 wAdc, Veg = 5.0 Vdc, Ta = +25 to +125°C) 


(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 
(2) The lower of the two hfe readings is taken as hfe, for the purpose of measurement. 
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2N2723 
CASE 20-03, STYLE 8 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 


Collector-Emitter Voltage 
(Base 1 and Base 2 open) 


Collector-Base Voltage 
Collector Current — Continuous Ic 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


DARLINGTON TRANSISTOR 


NPN SILICON 


Refer to 2N998 for graphs. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max [Unit _ | 


Collector-Emitter Breakdown Voltage(1) V(BR)CE20 Vde 
(I¢ = 10 mAdc, |pi = 0) . 

Collector-Base Breakdown Voltage V(BR)CB10 Vde 
(Ic = 10 wAdc, IE2 = 0) 

Emitter-Base Breakdown Voltage V(BR)E2B10 12 Vde 
(IEg = 10 pAdc, Ic = 0) . 

Collector Cutoff Current ICcB10 pAdc 
(VcB1 = 60 Vdc, IE = 0) 
(VcB1 = 60 Vdc, IE = 0, Ta = 150°C) 

Emitter Cutoff Current nAdc 
(VB1E2 = 10 Vde, Ic = 0) 

ON CHARACTERISTICS | . 

DC Current Gain . hrE 10,000 
(I¢ = 10 mAdc, VcE2 = 5.0 Vdc, Ip2 = 0) 
Collector-Emitter Saturation Voltage VCE2(sat) Vdc 

(I¢ = 10 mAdc, IB1 = 1.0 mAdc) 

Base-Emitter Saturation Voltage VBE2(sat) 1.7 Vdc 
(I¢ = 10 mAdc, !B1 = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS | . 

Output Capacitance Cob1o pF 
(VcB1 = 10 Vdc, IE2 = 0, f = 140 kHz) 

Small-Signal Current Gain hfe 15,000 
(I¢ = 10 mAdc, VcE2 = 5.0 Vde, f = 1.0 kHz) 

Current Gain — Bandwidth Product (Each Unit) lhfel 
(I¢ = 10 mAdc, VcE1 Or VcE2 = 10 Vde, f = 20 MHz) 


(I¢ = 50 wAdc, VcE = 5.0 Vdc, Rg = 3.0 kohms, f = 1.0 kHz, BW = 100 Hz) 
(1) Pulse Test: Pulse Width < 12 ms, Duty Cycle < 2.0%. 


OFF CHARACTERISTICS 
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Pn Ra ame EMO tel WE 


2N2785 


CASE 22-03, STYLE 8 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 


a ee ee 

Collector-Emitter Voltage VCE20 Vde 
(Base 1 and Base 2 So es 

Collector-Base | Collector-Base Voltage = sd VcCB10 | 60 =| Vde | . 


Emitter-Base Voltage VE2B10 Le Vdc » 
(Pin 4 to Pin 2) 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


DARLINGTON TRANSISTOR 


NPN SILICON 


Refer to 2N998 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) _ 


Characteristic [Symbol | Min | Max | Unit _| 


OFF CHARACTERISTICS ; 
Collector-Emitter Breakdown Voltage(1) V(BR)CEO20 Vdc 
(I¢ = 20 mAdc, Ip1 = 0) 
Collector-Base Breakdown Voltage V(BR)CBO10 
(I¢ = 100 pAdc, IE2 = 0) 


Emitter-Base Breakdown Voltage 
(lE2 = 100 pAdc, Ic = 0) 
Collector Cutoff Current 
(VcE = 20 Vdc, Ip = 0) 
Collector Cutoff Current 
(VcB1 = 30 Vdc, IE = 0) 
(VcB1 = 30 Vdc, I- = 0, Ta = 150°C) 
Emitter Cutoff Current 
(VE2B1 = 5.0 Vdc, ic = 0) 
- ON CHARACTERISTICS 
DC Current Gain(1) 
(Ic = 1.0 mAdc, VcF2 = 4.0 Vdc) 


(Ic = 10 mAdc, VcE2 = 5.0 Vdc) 
(Ic = 100 mAdc, VcE2 = 5.0 Vdc) 


Collector-Emitter Saturation Voltage 
(Ic = 15 mAdc, Ipz = 3.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(VcB1 = 10 Vdc, IE2 = 0, f = 1.0 MHz) 
Input Impedance 
(I¢ = 1.0 mAdc, Vcp1 = 5.0 Vde, f = 1.0 kHz) 


Voltage Feedback Ratio 
(Ic = 1.0 mAdc, VcE2 = 5.0 Vde, f = 1.0 kHz) 


Small-Signal Current Gain 
(I¢ = 1.0 mAdc, VcE2 = 5.0 Vde, f = 1.0 kHz) 


Current Gain — High Frequency . 
(Ic = 1.0 mAdc, VcF2 = 5.0 Vde, f = 10 MHz) 


Output Admittance 
(ic = 1.0 mAdc, VcB1 = 5.0 Vde, f = 1.0 kHz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle <= 2.0%. 
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Voltage Feedback Ratio (Ic = 1.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz) | tre = Sd CU ~—d| | «x 10-4 


2N2903 
CASE 654-07, STYLE 1 


MAXIMUM RATINGS 


Symbol 
Collector-Emitter Voltage VCEO = ae 


Collector-Base Voltage 


DUAL 
AMPLIFIER TRANSISTOR 


NPN SILICON 


pf ne Die | Both die || 
Total Device Dissipation @ Ta = 25°C 200 300 mw 
Derate above 25°C 1.14 1.71 mWw/°C 
Total Device Dissipation @ Tc = 25°C 0.6 1.2 Watts 
Derate above 25°C 3.43 6.86 mWw/°C 


Operating and Storage Junction TJ, Tstg — 65 to +200 °C 
Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol | _Min_| Max | Unit _ 
OFF CHARACTERISTICS 
Collector-Emitter Sustaining Voltage(1) (Ic = 10 mAdc, Ip = 0) VCEO(sus) | 30 | — | Vde | 


Collector-Base Breakdown Voltage (Ic = 10 uAdc, IE = 0) V(BR)CBO 


ae ee 
Emitter-Base Breakdown Voltage (lp = 0.1 wAdc, Ic = 0) V(BR)EBO | 70 | — | Vvde | 


Collector Cutoff Current (Vcp = 50 Vdc, Ie = 0) ICBO 0.01 pAdc 
(VcB = 50 Vde, IE = 0, Ta = 150°C) 15 


Emitter Cutoff Current (Vpge = 5.0 Vdc, Ic = 0) 


Refer to 2N2920 for graphs. 


ON CHARACTERISTICS 


DC Current Gain (Ic = 10 wAdc, Vcg = 5.0 Vdc) 
(Ic = 10 wAdc, VcE = 5.0 Vde, Ta = —55°C) 
‘(I¢ = 1.0 mAde, VcgE = 5.0 Vde) 


(Ic = 1.0 mAdc, VcE = 5.0 Vdc, Ta = — 55°C) 60 


Collector-Emitter Saturation Voltage (Ic = 5.0 mAdc, Ip = 0.5 mAdc) VCE(sat) | — [| 10 | vde | 
Base-Emitter Saturation Voltage (Ic = 5.0 mAdc, Ip = 0.5 mAdc) VBE(sat) a ee 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product (Ic = 5.0 mAdc, Vcg = 10 Vdc, f = 30 MHz) 


Output Capacitance (Vcp = 10 Vdc, Ie = 0, f = 140 kHz) , | 80 | pF 
Input Impedance (I¢ = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) hie | 10 | — | kohm | 


Input Impedance (lc = 1.0 mAdc, Vcpg = 5.0 Vdc, f = 1.0 kHz) hib {20 | 30 | ohms | 


Voltage Feedback Ratio (Ic = 1.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz) 
Small-Signal Current Gain (I¢ = 1.0 mAdc, Vcg = 5.0 Vde, f = 1.0 kHz) 


Output Admittance (ic = 1.0 mAde, VcE = 5.0 Vdo, f = 1.0 KHz) 7 ae eee 


Output Admittance (Ic = 1.0 mAdc, Vcp = 5.0 Vdc, f = 1.0 kHz) 


Noise Figure (lc = 10 wAdc, VcE = 5.0 Vde, Rg = 10 kohms, f = 1.0 kHz) 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio(2) (I¢ = 1.0 mAdc, Vcg = 5.0 Vdc) hres/hFe2 
Base-Emitter Voltage Differential (Ic = 10 wAdc, VcE = 5.0 Vdc) \VBE1-VBEQI | — | 10 | mVde | 


Base-Emitter Voltage Differential Gradient A(VBeE1-VBE2) ae 8 aaa 
ATA 


(ic = 10 wAdc, Vcg = 5.0 Vde, Ta = —55°C to +125°C) 
MOTOROLA SEMICONDUCTORS | SMALL-SIGNAL DEVICES 


(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 
(2) Lowest hfe reading is taken as hf¢ 1 for this ratio. 


2N2913 
thru 
MAXIMUM RATINGS 2N2920 


2N2913 
thru 


JAN, JTX, JTXV, JANS AVAILABLE 
CASE 654-07, STYLE 1 


Total Device Dissipation 
@ Ta = 25°C 


300 500 mW/°C 
Derate above 25°C 1.7 2.86 
Total Device Dissipation mW 
@ Tc = 25°C 750 1500 mWw/°C 
Derate above 25°C 4.3 8.6 
Operating and Storage Junction Ty, Tstg —65 to +200 °C 
Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min [typ | Max | Unit 


=“ Pg |-/- . 
(I¢ = 10 wAdc, IE = 0) 2N2913 thru 18, 


V(BR)CBO Vde 
2N2919, 2N2920 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(l—E = 10 wAdc, Ic = 0) 
Collector Cutoff Current ICEO pAdc 
(VcE = 5.0 Vdc, Ip = 0) 


Collector Cutoff Current ICBO pAdc 
0.010 
0.002 
(VcB = 45 Vdc, Ie = 0, Ta = 150°C) All Types 10 


(VcB = 45 Vdc, IE = 0) 2N2913 thru 18, 
2N2919, 2N2920 
Emitter Cutoff Current pAdc 
(VEB = 5.0 Vde, Ic = 0) 
ON CHARACTERISTICS 


DC Current Gain(1) 
(I¢ = 10 wAdc, VcE 


AMPLIFIER TRANSISTOR 


NPN SILICON 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(l¢ = 10 mAdc, Ip = 0) 2N2913 thru 18, 
2N2919, 2N2920 


Collector-Base Breakdown Voltage 


II 


5.0 Vdc) 2N2913,15,17,19, 
2N2914,16,18,20 


(Ic = 10 pAdc, VcE 


5.0 Vde, Ta = —55°C) 2N2913,15,17,19, 
2N2914,16,18, 
2N2920 


(Ic = 100 wAdc, VcE = 5.0 Vdc) 2N2913,15,17,19, 


2N2914,16,18,20 


(Ic = 1.0 mAdc, Veg = 5.0 Vde) 2N2913,15,17,19, 
2N2914,16,18,20 


Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(Ic = 1.0 mAdc, Ip = 0.1 mAdc) 

Base-Emitter On Voltage VBE(on) 0.7 Vdc 
(I¢ = 100 wAdc, VcEe = 5.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 500 wAdc, Vcge = 5.0 Vde, f = 20 MHz) 
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a sco 0 ean a Bec Ko 


2N2913 thru 2N2920 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) — 


Characteristic 
Output Capacitance 
(Vcp = 5.0 Vde, IE = 0, f = 140 kHz) 
Input Impedance 
(I¢ = 1.0 mAdc, Vcg = 5.0 Vde, f = 1.0 kHz) 
Output Admittance 
(I¢ = 1.0 mAde, Vcg = 5.0 Vdc, f = 1.0 kHz) 
Noise Figure 
(i¢ = 10 wAdc, VceE = 5.0 Vde, Rs = 10 kQ, 2N2914,16,18,20, 
f = 1.0 kHz, BW = 200 Hz) 2N2913,15,17,19 


(ic = 10 wAdc, VcE = 5.0 Vdc, Rg = 10 kQ, 2N2914,16,18,20, 
f = 10 Hz to 15.7 kHz, BW = 10 kHz) 2N2913,15,17,19 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio(2) 
(I¢ = 100 wAdc, VcgE = 5.0 Vde) 2N2917,18, 
2N2915,16,19,20 


| =e] ole] = 


= BEF - 
_ EEE 


FIGURE 1 — DC CURRENT GAIN versus COLLECTOR CURRENT FIGURE 2 — DC CURRENT GAIN versus COLLECTOR CURRENT 


Base-Emitter Voltage Differential 
(I¢ = 10 wAdc to 1.0 mAdc, VcE = 5.0 Vdc) 2N2917,18, 
2N2915,16,19,20 


(I¢ = 100 wAdc, Vcg = 5.0 Vdc) 2N2917,18, 
2N2915,16,19,20 
Base-Emitter Voltage Differential Change Due to Temperature 
(I¢ = 100 Adc, VcE = 5.0 Vdc, 
Ta = —55°C to +25°C) 2N2917,18, 
2N2915,16,19,20 


(ic = 100 wAdc, Vcg = 5.0 Vdc, 2N2917,18 
Ta = +25°C to + 125°C) 2N2915,16,19,20 


(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 
(2) The lowest heg¢ reading is taken as hf¢q for this ratio. 
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MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


2N3043 
thru 
2N3048 


MAXIMUM RATINGS 


| Rating =| Symbol] Value | Unit 
Collector-Emitter Voltage 7 a Se eos 
Collector-Base Voltage 


CASE 610A-04, STYLE 1 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


DUAL 
AMPLIFIER TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Po haracteristic LS Symbot min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vde 
(I¢ = 10 mAdc, Ig = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 10 pAdc, Ic = 0) 


Collector Cutoff Current 


ICBO pAdc 
(VcB = 45 Vdc, IE = 0) 0.010 
(VcB = 45 Vdc, IE = 0, Ta = +150°C) 10 
Emitter Cutoff Current 0.010 pAdc 
(VEB = 4.0 Vdc, Ic = 0) 
ON CHARACTERISTICS 


DC Current Gain(1) 
(Ic = 10 wAdc, Vce = 5.0 Vdc) 2N3043, 2N3044, 2N3045 
2N3046, 2N3047, 2N3048 


(Ic = 1.0 mAdc, Vcg = 5.0 Vdc) 2N3043, 2N3044, 2N3045 


2N3046, 2N3047, 2N3048 65 

Collector-Emitter Saturation Voltage VCE(sat) Vde 
(Il¢ = 10 mAdc, Ig = 0.5 mAdc) 

Base-Emitter On Voltage VBE Vde 
(Ic = 10 mAdc, Vcge = 5.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 1.0 mAdc, Vcg = 5.0 Vdc, f = 20 MHz) 


Input Impedance 
(Ic = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 2N3043, 2N3044, 2N3045 
2N3046, 2N3047, 2N3048 


Small-Signal Current Gain 
(I¢ = 1.0 mAdc, Vcg = 5.0 Vde, f = 1.0 kHz) 2N3043, 2N3044, 2N3045 
2N3046, 2N3047, 2N3048 


Output Admittance 
(tc = 1.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz) 


Noise Figure 
(Ic = 10 wAdc, Veg = 5.0 Vdc, Rg = 10 kohms, Bandwidth = 10 Hz to 15.7 kHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N3043 thru 2N3048 


ELECTRICAL CHARACTERISTICS scout (Ta = 25°C unless otherwise noted.) 


Characters | Symbol | min | Max | On 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio(2) |  heed/hre2 
(Ic = 10 wAdc, VcE = 5.0 Vdc) 2N3043, 2N3046 0.9 
2N3044, 2N3047 0.8 
Base-Emitter Voltage Differential \VBE1-VBEa2l mVdc 
5.0 
10 


(ic = 10 wAdc, Voge = 5.0 Vdc) 2N3043, 2N3046 
2N3044, 2N3047 
A(VBE1-VBE2) 
ATA 


Base-Emitter Voltage Differential Temperature Gradient | 
(I¢ = 10 wAdc, Vcg = 5.0 Vdc, Ta = —55 to +125°C) 2N3043, 2N3046 
2N3044, 2N3047 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
(2) The lowest hfe reading is taken as hFEq for this test. 


MOTOROLA SEMICONDUCTORS | SMALL-SIGNAL DEVICES 
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2N3425 


CASE 654-07, STYLE 1 


MAXIMUM RATINGS 


| Rating = Symbot| Value | Unit 
Collector-Emitter Voltage /Vcceo | CS Vde 
| Collector-Emitter Voltage | Ven | 20 Vide 
| Collector-Base Voltage | Vp | | Ve 
[EmiterBese Votiage ———=SS~d ‘ew | «dC 
pf One Die | Both dic | 


Total Device Dissipation @ Ta = 25°C 0.3 0.4 Watt 
Derate above 25°C 1.72 2.28 mWw/°C 

Total Device Dissipation @ Tc = 25°C 0.75 Watts 
Derate above 25°C 4.3 mW/°C 

Operating and Storage Junction Ty, Tstg —65 to +200 Be 6 
Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


po Characteristic Symbol | Min | Mex | Unit 


OFF CHARACTERISTICS 


Peele Eivopovns Vetintet) Ic Fed wie ar 0 opel pee Pe a 
Collector-Emitter Sustaining Voltage(1) (I¢ = 10 aaa: Ip = 0) | oo — | Vde 
aan ee 
Emitter-Base Breakdown Voltage (lz = 10 wAdc, Ic = 0) ree eee 
| Collector Cutoff Current_(VcE = 20 Vde, Vepioff) = 0.25Vde, Ta = 126°C) | icex =| — | 18 | Ade | 


Collector Cutoff Current (Vcp = 20 Vdc, Ie = 0) ICBO pAdc 
(VcR = 20 VDe, Ig = 0, Ta = 150°C) 


Emitter Cutoff Current (Veg = 4.0 Vdo, Ic = 0) [eso | — [| 02 | uAdc 


ON CHARACTERISTICS 
DC Current Gain (ic = 0.5 mAdc, Vcg = 1.0 Vdc) 
(I¢ = 10 mAdc, Vcg = 1.0 Vdc) 
(I¢ = 10 mAdc, VcE = 1.0 Vde, Ta = —55°C) 
Collector-Emitter Saturation Voltage | VCE(sat) 

0.4 

0.5 

VBE(sat) 0.7 0.85 

(I¢ = 7.0 mAdc, Ip = 0.7 mAdc, Ta = — 0.9 
SMALL-SIGNAL CHARACTERISTICS 
Output Capacitance (Vcp = 10 Vdc, Ie = 0,f = 140 0 kHz) 
Input Capacitance (VpE = 0.5 Vdc, Ic = 0, f = 140 kHz) 
Small-Signal Current Gain (Ic = 10 mAdc, Vcg = 1.0 Vdc, f = 1.0 kHz) 


DUAL 
AMPLIFIER TRANSISTORS 


NPN SILICON 


Refer to MD2369,A,B for graphs. 


(I¢ = 10 mAdc, Ip = 1.0 mAdc) 
(ic = 7.0 mAdc, Ip = 0.7 mAdc, Ta = —55°C to + 125°C) 


(I¢ = 10 mAdc, lB = 1.0 mAdc) 


Base-Emitter Saturation Voltage 


— 55°C) 


SWITCHING CHARACTERISTICS 


Storage Time 
(Ic = 10 mAdc, Ip, = 10 mAdc, Iga = 10 mAdc) 


Turn-On Time 


(Vcc = 3.0 Vde, VeB(oft) = 2.0 Vde, Ic = 10 mAdc, Ig1 = 3.0 mAdc) 


Turn-Off Time 
(Vcc = 3.0 Vdc, Ic = 10 mAdc, lpi = 3.0 mAdc, Ig2 = 1.0 mAdc) 


(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 1.0%. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N3726 
2N3 12 7 | MAXIMUM RATINGS 


CASE 654-07, STYLE 1 


| 
Collector Current — Continuous fotc | 300 


One Die | Both Die | | 
Total Device Dissipation @ Ta = 25°C 


400 500 | mW 
Derate above 25°C _ 2.29 2.86 mWw/°C 
Total Device Dissipation @ Tc = 25°C 0.85 1.4 | Watt 
Derate above 25°C | 4.85 8.0 mW/C 
Operating and Storage Junction TJ, Tstg —65 to +200 as 
Temperature Range 


DUAL 
AMPLIFIER TRANSISTOR 


PNP SILICON 


Collector; to Collectorz Voltage Vc1 Vc2 +200 Vde 
Voltage rating any lead to case +200 — Vde 
Refer to MD2905,A for graphs. 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 
Characteristic Symbol | Min | Max | Unit _| 
OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage(1) . V(BR)CEO Vde 
(I¢ = 10 mAdc, ig = 0) 
Collector-Base Breakdown Voltage ‘ V(BR)CBO 45 Vdc 
(I¢ = 0.01 mAdc, IE = 0) . 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(le = 0.01 mAdc, Ic = 0) 
Collector Cutoff Current 
(VcB = 30 Vdc, IE = 0) 
(VcB = 30 Vdc, Ie = 0, Ta = 150°C) | 
Emitter Cutoff Current pAdc 
(VBE = 3.0 Vdc, Ic = 0) 
ON CHARACTERISTICS 
DC Current Gain HEE 
(I¢ = 0.01 mAdc, Vcg = 5.0 Vdc) 80 
(I¢ = 0.1 mAdc, VcgE = 5.0 Vdc) 120 
(I¢ = 1.0 mAdc, Veg = 5.0 Vdc) 135 
(Ic = 50 mAdc, VcE = 5.0 Vde)(1) 115 
Collector-Emitter Saturation Voltage(1) VCE(sat) Vde 
(I¢ = 50 mAdc, Ip = 2.5 mAdc) 
Base-Emitter Saturation Voltage(1) 7 _ VBE(sat). | Vdc 
(I¢ = 50 mAdc, Ip = 2.5 mAdc) a . 
SMALL-SIGNAL CHARACTERISTICS | | ; . 
Current-Gain — Bandwidth Product(2) iz 
(Ic = 1.0 mAdc, VcgE = 10 Vdc, f = 20 MHz) 
(Ic = 50 mAdc, Vcge = 20 Vdc, f = 100 MHz) 
Output Capacitance . 
(VcB = 10 Vdc, IE = 0, f = 1.0 MHz) 
Input Capacitance 
(VEB = 0.5 Vdc, Ic =-0, f = 1.0 MHz) 
Input Impedance . hie 
‘(Ic = 1.0 mAde, Veg = 10 Vde, f = 1.0 kHz) 
Voltage Feedback Ratio hre 1500 | X10-6 
(l¢ = 1.0 mAdc, VcgE = 10 Vdc, f = 1.0 kHz) 
Small-Signal Current Gain hfe 420 
(Ic = 1.0 mAdc, VcE = | 
MOTOROLA SEMICONDUCTORS | SMALL-SIGNAL DEVICES 


10 Vde, f = 1.0 kHz) 
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2N3726, 2N3727 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 


Output Admittance 


(I¢ = 1.0 mAdc, VcgE = 10 Vdc, f = 1.0 kHz) 


Noise Figure 
(I¢ = 30 pAdc, VcE = 5.0 Vde, Rs = 10 kohms, f = 1.0 kHz, B.W. = 200 Hz) 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio(3) hreeq/hFe2 
(I¢ = 0.1 mAdc to 1.0 mAdec, VcgE = 5.0 Vdc) 
Base-Emitter Voltage Differential \VBE1-VBEa2l baad 
(I¢ = 0.1 mAdc to 1.0 mAdc, VcgE = 5.0 Vdc) 2N3726 
2N3727 


Base-Emitter Differential Change Due to Temperature A(VBE1-VBE2) 
(I¢ = 0.1 mAdc to 1.0 mAdc, Vcg = 5.0 Vde, Ta = —55°C to +25°C) 2N3726 
2N3727 
(I¢ = 0.1 mAdc to 1.0 mAdc, Vcg = 5.0 Vde, Ta = +25°C to +125°C) 2N3726 
2N3727 


(1) Pulse Test: Pulse Width < 300 ps, Duty Cycle < 2.0%. 
(2) fy is defined as the frequency at which |h¢e| extrapolates to unity. 
(3) For purposes of this ratio, the lowest hfe reading is taken as hfe}. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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OFF CHARACTERISTICS 


2N3806 thru 
CASE 654-07, STYLE 1 
@ Ta = 25°C 
CASE 610A-04 STYLE 1 Metal Can (2N3806 thru 
ti 
2N3810, 2N3811 — JAN, JTX, JTXV , 
Total Device Dissipation W 
@ Tc = 25°C 250 350 
Flat Package (2N3812 thru 
2N3816,A, 2N3817,A) 
AMPLIFIER TRANSISTOR Derate above 25°C 1. 2.06 mWw/°C 
PNP SILICON Operating and Storage Junction Ty, Tstg —65 to +200 °C 
Temperature Range 
Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vde 
(I¢ = 10 mAdc, |p = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vde 
(I¢ = 10 wAdc, Ip = 0) 
Emitter Cutoff Current 
(VBE = 4.0 Vdc, Ic = 0) 
ON CHARACTERISTICS 


2N3810,A 
2N3816,A PT S™~™~—™CCSCCC*C*‘“*é‘C*d One ie [BKK Die |_| 
2N3810,A, 2N3811,A) 
AVAILABLE 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 10 wAde, Ic = 0) 
DC Current Gain(1) 


2N3811,A 
2N3817 A Total Device Dissipation mW 
] 500 600 
Derate above 25°C 2.86 3.43 mWw/°C 
m 
DUAL 
Characteristic Symbol | Min | Max | Unit | 
Collector Cutoff Current ICBO 
(Vcp = 50 Vdc, IE = 0) 
(Vcp = 50 Vdc, Ie = 0, Ta = 150°C) 
(I¢ = 1.0 wAdc, VcE = 5.0 Vdc) 2N3807,9,11,A,13,15,17,A 


(ic = 10 wAdc, Veg = 5.0 Vde) 2N3806,8,10,A,12,14,16,A 
2N3807,9,11,A,13,15,17,A 


(I¢ = 100 wAdc, VcE = 5.0 Vdc) 2N3806,8,10,A,12,14,16,A 
2N3807,9,11,A,13,15,17,A 


(Ic = 100 pAdc, Vcg = 5.0 Vde, Ta = —55°C) 2N3806,8,10,4,12,14,16,A 
2N3807,9,11,A,13,15,17,A 


(ic = 500 wAdc, Vcg = 5.0 Vdc) | 2N3806,8,10,A,12,14,16,A 
~ 2N3807,9,11,A,13,15,17,A 


(Ic = 1.0 mAde, Vcg = 5.0 Vdc) 2N3806,8,10,A,12,14,16,A 
2N3807,9,11,A,13,15,17,A 


(Ic = 10 mAdc, VcE = 5.0 Vdc) 2N3806,8,10,A,12,14,16,A 
2N3807,9,11,A,13,15,17,A 


Collector-Emitter Saturation Voltage(1) VCE(sat) 
(ic = 100 wAdc, Ip = 1.0 pA) 2N3814, 2N3815 
(I¢ = 1.0 mAdc, Ip = 100 Adc) . 

Base-Emitter Saturation Voltage(1) VBE(sat) 
(Ic = 100 pAde, Ip = 10 wAdc) 
(I¢ = 1.0 mAdc, IB = 100 uAdc) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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2N3806 thru 2N3810,A, 2N3811,A, 2N3812,A, 2N3816,A, 2N3817,A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic | 


Base-Emitter On Voltage 
(Ic = 100 wAdc, Vege = 5.0 Vdc) | 
SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 
(I¢ = 500 Adc, VcgE = 5.0 Vdc, f = 30 MHz) 
(ic = 1.0 mAdc, Vcg = 5.0 Vdc, f = 100 MHz) 
Output Capacitance 
(VcB = 5.0 Vde, IE = 0, f = 100 kHz) 
Input Capacitance 
(VBE = 0.5 Vde, Ic = 0, f = 100 kHz) 
Input Impedance 
(I¢ = 1.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 2N3806,8,10,A,12,14,16,A 
2N3807,9,11,A,13,15,17,A 


Voltage Feedback Ratio 
(Ic = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 
Small-Signal Current Gain 
(IC = 1.0 mAdc, VcfE = 10 Vdc, f = 1.0 kHz) 2N3806,8,10,A,12,14,16,A 
2N3807,9,11,A,13,15,17,A 
Output Admittance 
(I¢ = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 
Noise Figure 
(I¢ = 100 wAdc, Vcg = 10 Vdc, Rg = 3.0 kohms 
f = 100 Hz, BW = 20 Hz 2N3806,8,10,A,12,14,16,A 
2N3807,9,11,A,13,15,17,A 
Spot ¢ — 4.9 kHz, BW = 200 Hz 2N3806,8,10,A,12,14,16,A 


Noise 
2N3807,9,11,A,13,15,17,A 


f = 10 kHz, BW = 2.0 kHz) 2N3806,8,10,A,12,14,16,A 
2N3807,9,11,A,13,15,17,A 


Broadband Noise Bandwidth 2N3806,8,10,A,12,14,16,A 
10 Hz to 15.7 kHz 2N3807,9,11,A,13,15,17,A 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio(2) hred/hrFe2 
(I¢ = 100 wAdc, VcE = 5.0 Vdc) 2N3808,9,14,15 
2N3810,11,16,17 
2N3810A,11A,16A,17A 


(Ic = 100 wAdc, VcE = 50 Vdc, Ta = —55 to +125°C) 
2N3810A,11A,16A,17A 


Base-Emitter Voltage Differential \VBE1-VBEQ! 
(I¢ = 10 wAdc to 10 mAdc, Vce = 5.0 Vdc) 2N3808,9,14,15 
2N3810,A,11,A,16,A,17,A 
(Ic = 100 wAdc, VcgE = 5.0 Vdc) 2N3808,9,14,15 
2N3810,11,16,17 
2N3810A,11A,16A,17A 
Base-Emitter Voltage Differential Change Due to Temperature A(VBE1-VBE2) 
(ic = 100 wAdc, VcE = 5.0 Vde, Ta = —55 to + 25°C) 
2N3808,9,14,15 
2N3810,11,16,17 
2N3810A,11A,16A,17A 
(I¢ = 100 wAdc, Vce = 5.0 Vde, Ta = +25 to +125°C) 
2N3808,9,14,15 
2N3810,11,16,17 
2N3810A,11A,16A,17A 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
(2) The lowest hfe reading is taken as hf¢ 1 for this ratio. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N3806 thru 2N3810,A, 2N3811,A, 2N3812,A,'2N3816,A, 2N3817,A 


FIGURE 1 — DC CURRENT GAIN versus COLLECTOR CURRENT 
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FIGURE 3 — “ON” VOLTAGES 
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FIGURE 2 — DC CURRENT GAIN versus COLLECTOR CURRENT 
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FIGURE 4 — “ON” VOLTAGES 
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SMALL-SIGNAL DEVICES 


2N3838 


CASE 610A-04, STYLE 1 


MAXIMUM RATINGS 


po Rating = Symbot| Value | Unit | 
| Collector-Emitter Voltage | Veco | 40S | (Ve 
Voltage Rating any Lead to Case +120 

| Collector-Base Voltage | Mew | | Ve 
|Emitter-Base Voltage | Vepo | 80 Vide 


Total Device Dissipation @ Ta = 25°C 0.25 0.35 Watt 
1.67 2.34 mWw/°Cc 


COMPLEMENTARY DUAL 
AMPLIFIER TRANSISTOR 


NPN/PNP SILICON 


Derate above 25°C Le 
Total Device Dissipation @ Tc = 25°C 0.7 1.4 Watts 
Derate above 25°C 4.67 9.34 
Operating and Storage Junction Ty, Tstg —65 to +200 °C 
Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Symbol | Min | Max__| Unit _ | 


OFF CHARACTERISTICS 


(ic = 10 mAdc, Ig = 0) | Merceo | 40 | | vac 


Collector-Emitter Breakdown Voltage(1) 


Collector-Emitter Nonmatching Voltage VCEO(NL)t Vdc 
(IcC(on) = 600 mAdc, IB(on) = 120 mAdc, IB(off) = 9) 
Collector-Base Breakdown Voltage (Ic = 10 wAdc, Ie = 0) V(BR)CBO a ee eee 
Emitter-Base Breakdown Voltage (lf = 10 wAdc, Ic = 0) V(BR)EBO eS ee eee Vdc 
Base Cutoff Current (VcEé = 50 Vdc, VBE(off) = 0.5 Vdc) IBEV | — | 10 | nAde | 
Collector Cutoff Current (VCE = 50 Vdc, VBE(off) = 0.5 Vdc) ICEV 0.01 pAdc 
(VcE = 50 Vdc, VBE(off) = 0.5 Vdc, Ta = 150°C) 10 
Emitter Cutoff Current_(VpE = 3.0 Vdc, I¢ = 0) les | = | 0 | nade | 


ON CHARACTERISTICS 


DC Current Gain (Ic = 0.1 mAdc, VcgE = 10 Vdc) 
(Ic = 1.0 mAdc, VcgE = 10 Vdc) 
(i¢ = 10 mAdc, Vez = 10 Vdc)(1) 
(I¢ = 150 mAdc, VcE = 10 Vdc)(1) 
(I¢ = 150 mAdc, Vcg = 1.0 Vde)(1) 


Collector-Emitter Saturation Voltage(1) (ic = 150 mAdc, IB = 15 mAdc) 


Input Impedance (Ic = 1.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 
Small-Signal Current Gain (Ic = 1.0 mAdc, Vce = 10 Vde, f = 1.0 kHz) 
Output Admittance (lc = 1.0 mAdc, Vcf = 10 Vdc, f = 1.0 kHz) 


Noise Figure 
(Ic = 100 wAdc, VcEe = 10 Vde, Rg = 1.0 kohm, f = 1.0 kHz) 


SWITCHING CHARACTERISTICS 


| 60 
bed 
Delay Time (Vcc = 10 Vdc, VBE(off) = 0 Vdc, | = 
Lamesa 
faaeseea as 
aaa 


Rise Time I¢ = 150 mAdc, Ip1 = 15 mAdc) 


Storage Time (Voc = 10 Vde, I¢ = 150 mAdc, 
Fall Time IB1 = Ip2 = 15 mAdc) 


(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 
t The highest value of collector supply voltage that may be safely used with a resistive load switching circuit in which the collector 
current is 600 mAdc. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N4015 
2N4016 


| MAXIMUM RATINGS 
CASE 654-07, STYLE 1 


DUAL 
AMPLIFIER TRANSISTOR 


PNP SILICON 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 


Refer to MD2905,A for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Po havacteristic | Symbot_ | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vde 
(Ic = 10 mAdc, Ip = 0) 
dc 


Collector-Base Breakdown Voltage V(BR)CBO V 
(I¢ = 10 pAdc, Ie = 0) 

DC Current Gain 

Collector-Emitter Saturation Voltage(1) VCE(sat) 0.25 Vde 
(I¢ = 50 mAdc, Ip = 2.5 mAdc) 
(I¢ = 1.0 mAdc, Vcg = 10 Vdc, f = 20 MHz) 

input Impedance 


_Emitter-Base Breakdown Voltage V(BR)EBO 
(l— = 10 wAdc, Ic = 0) 
Collector Cutoff Current ICBO 
— (VcB = 50 Vde, Ig ="0) 
(VcB = 50 Vdc, IE = 0, Ta = +150°C) . 
(Ic = 0.01 mAdc, Vcfe = 5.0 Vdc) 
(I¢ = 0.1 mAdc, Vcg = 5.0 Vdc) 
Base-Emitter Saturation Voltage(1) VBE(sat) Vde 
(I¢ = 50 mAdc, Vcg = 2.5 Vdc) 
SMALL-SIGNAL CHARACTERISTICS | 
Output Capacitance 
(VcB = 10 Vdc, IE = 0, f = 1.0 MHz) 
(I¢ = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 
Voltage Feedback Ratio 


ft 
(Veg = 3.0 Vdc, Ic = 0) 
(I¢ = 1.0 mAdc, Vcg = 5.0 Vdc) 
Current-Gain — Bandwidth Product(2) 
Input Capacitance 
(Ic = 1.0 mAdc, Vcg = 10 Vde, f = 1.0 kHz) 


ON CHARACTERISTICS 
FE 
80 
120 
135 
(Ic = 50 mAdc, Vcg = 5.0 Vde)(1) 115 
(Ic = 50 mAdc, Vcg = 20 Vdc, f = 100 MHz) 
(VERB = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 


Small-Signal Current Gain 
(I¢ = 1.0 mAdc, VcgE = 10 Vdc, f = 1.0 kHz) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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2N4015, 2N4016 


ELECTRICAL CHARACTERISTICS (coniinued) (Ta = 25°C unless otherwise noted.) 


Characteristic 


Output Admittance 
(i¢ = 1.0 mAdc, VcE = 10 Vde, f = 1.0 kHz) 


Noise Figure 
(I¢ = 0.03 mAdc, VcE = 5.0 Vdc, Rg = 10 kohms, f = 1.0 kHz, BW = 200 Hz) 
MATCHING CHARACTERISTICS 


DC Current Gain Ratio 
(I¢ = 0.1 mAdc, VcgE = 5.0 Vdc) 


Base-Emitter Voltage Differential 
(I¢ = 0.1 to 1.0 mAdc, Veg = 5.0 Vdc) 2N4015 
2N4016 


Base-Emitter Voltage Differential Gradient 
(I¢ = 0.1 to 1.0 mAdc, Vcg = 5.0 Vde, Ta = —55 to +25°C) 2N4015 
2N4016 


(Ic = 0.1 to 1.0 mAdc, Vcg = 5.0 Vde, Ta = +25°C to +125°C) 2N4015 
2N4016 


(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 1.0%. 
(2) fy is defined as the frequency at which |hfe| extrapolates to unity. 


SMALL-SIGNAL DEVICES 
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Symbol 


A(VBE1-VBE2) 


ATA 


MOTOROLA SEMICONDUCTORS 


2N4854 
2N4855 


2N4854 — JAN, JTX, JTXV MAXIMUM RATINGS 
| AVAILABLE 
CASE 654-07, STYLE 5 


Collector-Base Voltage 
Emitter-Base Voltage 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C mW 
Derate above 25°C mWw/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


COMPLEMENTARY DUAL 
AMPLIFIER TRANSISTOR 


NPN/PNP SILICON 


Refer to MD6001 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol_| Min | Max__| Unit _| 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(Ic = 10 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 10 pAde, le = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(Iz = 10 wAde, Ic = 0) 


Collector Cutoff Current 
(VcB = 50 Vdc, Ile = 0, Ta = 150°C) 


Emitter Cutoff Current 
(Veg = 3.0 Vde, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 0.1 mAde, Vez = 10 Vdc) 2N4854 
2N4855 


(Ic = 1.0 mAdc, Vcg = 10 Vde) 2N4854 
2N4855 


(Ic = 10 mAdc, Vcg = 10 Vde)(1) 2N4854 
2N4855 


10 Vde)(1) 2N4854 
2N4855 


(I¢ = 150 mAdc, VcE 


1.0 Vdce)(1) 2N4854 
2N4855 


(Ic = 150 mAdc, VcE 


(Ic = 300 mAdc, VcE 


10 Vdc)(1) 2N4854 
2N4855 


35 
20 
Collector-Emitter Saturation Voltage(1) VCE(sat) Vde 
(Ic = 150 mAdc, Ip = 15 mAdc) 
Base-Emitter Saturation Voltage(1) VBE(sat) 0.75 Vde 
(I¢ = 150 mAdc, Ip = 15 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 20 mAdc, VcgE = 10 Vdc, f = 100 MHz) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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2N4854, 2N4855 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Collector-Base Capacitance 
(VcB = 10 Vde, IE = 0, f = 1.0 MHz) 
input Impedance 
(ic = 1.0 mAdc, Veg = 10 Vde, f = 1.0 kHz) 2N4854 
2N4855 
Small-Signal Current Gain 
(I¢ = 1.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 2N4854 
2N4855 
Output Admittance 


(Ic = 1.0 mAdc, VcgE = 10 Vdc, f = 1.0 kHz) 2N4854 
2N4855 


Noise Figure 
(I¢ = 100 wAdc, Vcg = 10 Vdc, Rg = 1.0 kohm, f = 1.0 kHz) 


(Vcc = 30 Vdc, Ic = 150 mAdc, 
Fall Time IB1 = Ip2 = 15 mAdc) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N4937, 2N4938, 2N4939 
CASE 654-07, STYLE 1 


a 


2N4440, 2N4441, 2N4442 
CASE 610A-04, STYLE 1 


MAXIMUM RATINGS 


Total Device Dissipation 


@ Tp = 25°C — Ceramic 250 350 
Metal Can 500 600 
Derate above 25°C — Ceramic 1.5 2.0 mw 


Metal Can mW/°C 


3.4 
Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 1.2 2.0 Watts 
Metal Can 6.85 11.42 mWw/°C 
Operating and Storage Junction TJ, Tstg —65 to +200 =C 
Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


AMPLIFIER TRANSISTOR 


PNP SILICON 
Refer to MD3250,A for graphs. 


Pp Characteristic | Symbot | Min | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(I¢ = 10 mAdc, Ig = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(ic = 10 wAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 10 wAdc, Ic = 0) 

Collector Cutoff Current ICBO 20 nAdc 
(VcB = 40 Vdc, IE = 0) 
Emitter Cutoff Current 20 nAdc 

(VBE = 3.0 Vdc, Ic = 0) 
ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 100 wAdc, Vce = 10 Vdc) 
(Ii¢ = 1.0 mAdc, VcE = 10 Vdc) 
(ic = 10 mAdc, Vee = 10 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(VcB = 10 Vdc, Ig = 0, f = 140 kHz) Emitter Guarded 


Input Impedance 
(IRE = 0.5 Vdc, Ic = 0, f = 140 kHz) Collector Guarded 


Input Impedance 
‘(I¢ = 1.0 mAdc, Vcg = 10 Vde, f = 1.0 kHz) 


Smail-Signal Current Gain 
(I¢ = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 


Output Admittance 
(Ic = 1.0 mAdc, VcE = 10 Vde, f = 1.0 kHz) 
Noise Figure 
(l¢ = 100 wAdc, Vcg = 10 Vdc, Rg = 3.0 kO, f = 10 Hz to 15.7 kHz) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES: 
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2N4937 thru 2N4942 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit _| 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio(1) 
(I¢ = 100 wAdc to 1.0 mAdc, VcE = 10 Vdc) 2N4937, 2N4941 
2N4938, 2N4940 


(I¢ = 100 wAdc to 1.0 mAdc, Vcg = 10 Vdc, 
TA = —55°C to 125°C) 2N4937, 2N4941 
2N4938, 2N4940 


0.7 
Base-Emitter Voltage Differential \VBE1-VBEQ! 
(I¢ = 100 pAdc to 1.0 mAdc, VcE = 10 Vdc) 2N4937, 2N4941 
2N4938, 2N4940 


Base-Emitter Voltage Differential Gradient A(VBE1-VBE2) 
(I¢ = 100 wAdc to 1.0 mAdc, Vcg = 10 Vdc, ATA 
Ta = 25°C to + 125°C) 2N4937, 2N4941 
2N4938, 2N4940 


(I¢ = 100 Adc to 1.0 mAdc, Vcg = 10 Vdc, . 
Ta = —55°C to 25°C) 2N4937, 2N4941 
2N4938, 2N4940 


(1) The lowest hrg reading is taken as hf¢q for this ratio. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N5793 
2N5794_ 


MAXIMUM RATINGS 


JAN, JTX, JTXV AVAILABLE 
CASE 654-07, STYLE 1 


Rating 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 1.2 Watts 
Derate above 25°C 6.9 mW/°C 
Operating and Storage Junction TJ. Tstg —65 to +200 °C 
Temperature Range 
Refer to MD2218,A for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot_| Min | Max | Unit | 


Collector-Emitter Breakdown Voltage(1) (Ic = 10 mAdc, Ip = 0) | Vipriceo | 40 | — | Vde | 
[Collector-Base Breakdown Voltage ic = 10uAdc,ie- 0 -—~—~—~—~*«d;~«paycao | 78 | —~|vde 
| Emitter-Base Breakdown Voltage (le = 10uAdc c= 0) | Mipryewo | 60 | |e 
| Collector Cutoff Current (Vop = 50Vdcle=0) tcp | nde 


Emitter Cutoff Current_(Vep = 4.0 Vdc, Ic = 0) | eso | | tnd 
Collector 1 to Collector 2 Leakage Current (V4c-2¢ = + 50 Vdc) IC1-C2 | = | +10 | nAde | 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 100 wAdc, VcE = 10 Vdc) 2N5793 
2N5794 
(I¢ = 1.0 mAdc, VcEe = 10 Vde) 2N5793 
2N5794 
(I¢ = 10 mAdc, Vcge = 10 Vdc)(1) 2N5793 
2N5794 
(I¢ = 150 mAdc, VcgE = 1.0 Vde)(1) 2N5793 
2N5794 
(I¢ = 150 mAdc, Vce = 10 Vdc)(1) 2N5793 
2N5794 
(I¢ = 300 mAdc, Voce = 10 Vdc)(1) 2N5793 
2N5794 


25 
40 _ 
Collector-Emitter Saturation Voltage(1) (Ic = 150 mAdc, Ip = 15 mAdc) VCE(sat) Vde 
(i¢ = 300 mAdc, IB = 30 mAdc) 
Base-Emitter Saturation Voltage(1) (I¢ = 150 mAdc, Ip = 15 mAdc) VBE(sat) 1.2 Vde 
(I¢ = 300 mAdc, Ip = 30 mAdc) 1.8 


SMALL-SIGNAL CHARACTERISTICS 

Current-Gain — Bandwidth Product(2) (Ic = 20 mAdc, Vce = 20Vdc,f= 100MHz) | fr | 250 | — | MHz | 
Collector-Base Capacitance (Vcp = 10 Vdc, IE = 0, f = 100 kHz) | | Ch | — | 80 | pF 
| Emitter-Base Capacitance (Veg = 0.5 Vdelc=0.f=100kH2 | Cob | OO] 8] 


SWITCHING CHARACTERISTICS 


Delay Time | (Voc = 30 Vde, VBE(off) = 0.5 Vde, 


Rise Time I¢ = 150 mAdc, Ilg1 = 15 mAdc) 


DUAL TRANSISTOR 


NPN SILICON 


OFF CHARACTERISTICS 


(Vec = 30 Vde, Ic = 150 mAde, 
Fall Time IB1 = IB2 = 15 mAdc) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
(2) fy is defined as the frequency at which |h¢g| extrapolates to unity. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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2N5795 
2N5796 


MAXIMUM RATINGS 


JAN, JTX, JTXV AVAILABLE 
CASE 654-07, STYLE 1 


Both Die 


Equal 
Power 


Total Device Dissipation @ Ta = 25°C 500 
Derate above 25°C 2.9 


Total Power Dissipation @ Tc = 25°C : Watts 
Derate above 25°C mWwW/°C 


Operating and Storage Junction Ty, Tstg | —65 to +200 °C 
Temperature Range 


DUAL TRANSISTOR 


PNP SILICON 


Refer to MD2904,A for graphs. 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | Max | Unit _| 
OFF CHARACTERISTICS | 
Collector-Emitter Breakdown Voltage(1) (Ic = 10 mAdc, Ig = 0) 1+ V(BR)CEO ee ee 


Collector-Base Breakdown Voltage (Ic = 10 wAdc, IE = 0) 
Emitter-Base Breakdown Voltage (i— = 10 uwAdc, Ic = 0) 
FEmiter Cutoff Current (Vag = 30Vde,lc= 0) SSSSS~wdCSCi BN 


ON CHARACTERISTICS 


DC Current Gain 

(i¢ = 100 pAdc, Vce = 10 Vdc) 2N5795 
2N5796 

(I¢ = 1.0 mAdc, VcE = 10 Vdc) 2N5795 
2N5796 

(Ic = 10 mAde, VcE = 10 Vde)(1) 2N5795 
2N5796 

(I¢ = 150 mAdc, Vcg = 1.0 Vde)(1) 2N5795 
2N5796 

(I¢ = 150 mAdc, Vce = 10 Vde)(1) 2N5795 


2N5796 


(Ic = 500 mAdc, Vcg = 10 Vde)(1) 2N5795 
2N5796 


Collector-Emitter Saturation Voltage(1) (lc = 150 mAdc, Ip = 15 mAdc) VCE(sat) 
(I¢ = 500 mAdc, Ip = 50 mAdc) 


Base-Emitter Saturation Voltage(1) (Ic = 150 mAdc, Ip = 15 mAdc) 
(I¢ = 500 mAdc, Ip = 50 mAdc) 
- SMALL-SIGNAL CHARACTERISTICS ae 
Current-Gain — Bandwidth Product(2) (I¢ = 50 mAdc, VcE = 20 Vdc, f = 100 MHz) 
Cob 
Emitter-Base Capacitance (Veg = 2.0 Vdc, Ic = 0, f = 100 kHz) 
SWITCHING CHARACTERISTICS (See Figure 1) 


(Vcc = 30 Vdc, VBE(off) = 9.5 Vde, 
Ic = 150 mAde, Ip = 15 mAdc) 
(Voc = 30 Vde, Ic = 160 mAde, 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
(2) ff is defined as the frequency at which |h¢g| extrapolates to unity. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MAXIMUM RATINGS 


2N6501 
2N6502 
2N6503 


QUAD CERAMIC | 
7 2N6501 
CASE 607,04, STYLE 1 


Total Device Dissipation 
DU AL @ Ta = 25°C 
2N6502 
CASE 654-07, STYLE 1 


2N6502 
2N6503 
2N6501 

Derate above 25°C 
2N6502 
DUAL CERAMIC | pai 
2N6503 2N6501 


CASE 610A-04, STYLE 1 Total Device Dissipation 
@ Tc = 25°C 
SWITCHING TRANSISTOR 


NPN SILICON 


2N6502 
2N6503 
2N6501 


Derate above 25°C 


2N6502 
2N6503 
2N6501 


THERMAL CHARACTERISTICS 3 


All Die 
Characteristic One Die Equal Power 
°C/W 


Thermal Resistance, Junction to Case R@Jc 

2N6502 
2N6503 
2N6501 


Thermal Resistance, Junction to Ambient(1) 
2N6502 
2N6503 

2N6501 


Coupling Factor 
2N6502 
2N6503 
2N6501 (Q1, Q2) 
(Q1-03, Q1-04) 


(1) Raja is measured with the device soldered into a typical printed circuit board. 


_ ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | Max | Unit _| 
Collector-Emitter Breakdown Voltage(2) | 


V(BR)CEO Vde 
(I¢ = 10 mAdc, Ip = 0) 
Collector-Emitter Breakdown Voltage V(BR)CES Vde 
(Ic = 100 pAdc, Vee = 0) 
Collector-Base Breakdown Voitage V(BR)CBO Vde 
(I¢ = 100 wAdc, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 10 pAdc, Ic = 0) ; 
Collector Cutoff Current ICBO 1.7 pAdc 
(Veg = 40 Vdc, Ie = 0) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


OFF CHARACTERISTICS 


5-34 


2N6501, 2N6502, 2N6503_ 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 


Emitter Cutoff Current 
(VBE = 4.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 


hE 
(ic = 100 mAdc, Vcg = 1.0 Vdc) 150 
(ic = 500 mAdc, VcE = 2.0 Vdc) — 
(Ic = 500 mAdc, Vcg = 1.0 Vdc) — 


Collector-Emitter Saturation Voltage 
(I¢ = 100 mAdc, lg = 10 mAdc) 


VCE(sat) Vde 
(I¢ = 500 mAdc, ip = 50 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) 1.2 Vde 
(I¢ = 500 mAdc, Ip = 50 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(i¢ = 50 mAdc, VcgE = 10 Vdc, f = 100 MHz) 


Collector-Base Capacitance 
(VcB = 10 Vdc, Ig = 0, f = 100 kHz) 


Emitter-Base Capacitance 
(VBE = 0.5 Vdc, Ic = 0, f = 100 kHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Vcc = 30 Vdc, Vee = 3.8 Vde, Ic = 500 mAdc, Ip, = 50 mAdc) 


Turn-Off Time 
(Vcc = 30 Vdc, Ic = 500 mAdc, Ip; = Ip2 = 50 mAdc) 


(2) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 


oe 


TYPICAL DC CHARACTERISTICS 


FIGURE 1 — DC CURRENT GAIN FIGURE 2 — “ON” VOLTAGES 


Se 
eS Sa 


400 


sl 


z unease 
S —- SoS E 
ad 
Lo o 
Sas ee SSCL : } 
S : 2 os eo PE eo eee 
e. -#0 = VBE(sat) @ I¢/Ip = 10 
a = 08 [Varin tole PTT] 
ui MLE Z 
uu 
FE ie om SON 
TTS iar id 
20 : 
10 20 50 70 100 200 300 500 700 10k 10 50 NODS 200) S00. 2000: FOOL 
ic, COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mA) 
SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


_ §-35 


2N6501, 2N6502, 2N6503 


ff, CURRENT-GAIN—BANDWIDTH PRODUCT (MHz) 


t, TIME (ns) 


HT YA 


FIGURE 3 — COLLECTOR SATURATION REGION indi 
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FIGURE 4 — TEMPERATURE COEFFICIENTS 
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TYPICAL DYNAMIC CHARACTERISTICS 


FIGURE 5 — CURRENT-GAIN — BANDWIDTH PRODUCT 


f = 100 MHz 
Ty = 25°C 
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FIGURE 7 — TURN-ON TIME 
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FIGURE 6 — CAPACITANCE 
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FIGURE 8 — TURN-OFF TIME 
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FIGURE 10 — COLLECTOR CUTOFF CURRENT 


FIGURE 9 — SWITCHING TIME TEST CIRCUIT 
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mt ara ination ME 


MAXIMUM RATINGS. 


MD708,A,B 


CASE 654-07, STYLE 1 


er Device Dissipation 
@ Ta = 25°C 
MD708, MD708A, MD708B 


MD708F,AF,BF 


CASE 610A-04, STYLE 1. 


Derate above 25°C 
MD708, MD708A, MD708B 


Total Device Dissipation 
@ Tc = 25°C 
MD708, MD708A, MD708B 


Derate above 25°C 
MD708, MD708A, MD708B 


DUAL 
AMPLIFIER TRANSISTOR 
NPN SILICON 
Refer to MD2369 for graphs. 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Case 
MD708, MD708A, MD708B 
MD708F, MD708AF, MD708BF 


aE Gurren — Continuous 


MD708F, MD708AF, MD708BF 


MD708F, MD708AF, MD708BF 


MD708F, MD708AF, MD708BF 


MD708F, MD708AF, MD708BF 


Operating and Storage Junction Ty, Ts Tot —65 to +200 
Temperature Range 


Both Die 
One Die Equal Power 
Rec 
125 87.5 
250 125 


2.0 
1.4 


mWw/°C 


11.4 
8.0 


8.0 
4.0 


Thermal Resistance, Junction to Ambient ReJA(1) 319 a 
500 a 

Junction to Junction to 
Ambient Case 


Coupling Factors 
MD708, MD708A, MD708B 
MD708F, MD708AF, MD708BF 


(1) Raja is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage(2) (Ic = 30 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage (Ic = 10 wAdc, IE = 0) 


Emitter-Base Breakdown Voltage (l— = 10 wAdc, Ic = 0) 


Collector Cutoff Current (Vcp = 20 Vdc, IE = 0) 


83 


V(BR)CBO 
V(BR)EBO 
ICBO 


(VcR = 20.Vde, IE = 0, Ta = 150°C) 
ON CHARACTERISTICS 


DC Current Gain(2) (I¢ = 500 wAdec, VcE = 1.0 Vdc) 
(I¢ = 10 mAdc, VcE = 1.0 Vdc) 
(I¢ = 100 mAdc, VcE = 5.0 Vdc) 
(I¢ = 150 mAdc, Vcg£ = 5.0 Vdc) 


Collector-Emitter Saturation Voltage (l¢ = 10 mAdc, Ip = 1.0 mAdc) 


(I¢ = 50 mAdc, Ip = 5.0 mAdc) 
(I¢ = 100 mAdc, Ip = 10 mAdc) 


Base-Emitter Saturation Voltage (Ic = 10 mAdc, Ip = 1.0 mAdc) 
(I¢ = 50 mAdc, Ip = 5.0 mAdc) 


hFE 


35 
20 
VCE (sat ei 


(Ic. = 100 mAdc, Ip = 10 mAdc) 
(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 


“a Ei 
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SMALL-SIGNAL DEVICES 


| MbD918 | 


MD918A 
MD918B 


MAXIMUM RATINGS 


Collector-Emitter Voltage VCEO 
Collector-Base Voltage VCBO Vdc 


CASE 654-07, STYLE 1 


MD918F 
MD918AF 
MD918BF 


CASE 610A-04, STYLE 1 


DUAL 
AMPLIFIER TRANSISTOR 


NPN SILICON 


Emitter-Base Voltage VEBO Vdc 
Total Device Dissipation @ Ta = 25°C 
MD918,A,B 550 600 mW 
MD918F,AF,BF 350 400 
3.14 3.42 mw/°C 
MD918F,AF,BF 2.0 2.28 
Total Device Dissipation @ Tc = 25°C 
MD918,A,B ; 2.0 Watts 
MD918F,AF,BF ‘ 1.4 
Derate above 25°C 
MD918,A,B : 11.4 mW/°C 
MD918F,AF,BF ; 8.0 
Operating and Storage Junction Ty, Tstg -—65 to +200 °C 
Temperature Range 
Thermal Resistance, Junction to Case Re@Jc °C/W 
MD918,A,B 125 87.5 
MD918F,AF,BF 250 125 
Thermal Resistance, Junction to Ambient ReJA(1) °C/W 
MD918,A,B 319 292 
MD918F,AF,BF 500 438 
Junction to Junction to 
Ambient Case 


Collector Current — Continuous a ee: eee 
Derate above 25°C 
THERMAL CHARACTERISTICS 
Coupling Factors % 
MD918,A,B 83 
MD918F,AF,BF 75 


pf ne die | Both die | 
MD918,A,B 
All Die 
Characteristic One Die Equal Power 
(1) Raja is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ty = 25°C unless otherwise noted.) 


a 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO Vdc 
(I¢ = 3.0 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage V(BR)CBO 30 Vdc 
(ic = 1.0 wAde, Ile = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 3.0 Vdc 
(l—E = 10 wAdc, Ic = 0) 
Collector Cutoff Current ICBO 
(VcB = 15 Vde, Ie = 0) nAdc 
(VcB = 15 Vdc, IE = 0, Ta = 150°C) pAdc 
ON CHARACTERISTICS 
DC Current Gain hFE 165 
(I¢ = 3.0 mAdc, Vcge = 5.0 Vdc) 
Coilector-Emitter Saturation Voltage VCE(sat) 0.2 Vdc 
(I¢ = 10 mAdc, Ip = 1.0 Adc) 
Base-Emitter Saturation Voltage VBE(sat) 0.86 Vde 
(I¢ = 10 mAdc, Ig = 1.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product fT MHz 
(Ic = 4.0 mAdc, VcE = 10 Vde, f = 100 MHz) 
Output Capacitance Cobo 1.1 1d pF 
(VcB = 10 Vdc, le = 0, f = 100 kHz) 
SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


5-39 


Nuss 


MD918,A,B,F,AF,BF 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


- Characteristic 


Input Capacitance 


(VBE = 0.5 Vdc, Ic = 0, f = 100 kHz) 


Noise Figure 
(I¢ = 1.0 mAdc, VcE = 6.0 Vdc, Rg = 4000, f = 60 MHz) 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio(3) 
(I¢ = 1.0 mAdc, Vcg = 5.0 Vdc) 


Base-Emitter Voltage Differential 
(I¢ = 1.0 mAdc, VcgE = 5.0 Vdc) 


MD918B,BF 
MD918A,AF 


MD918B,BF 


MD918A,AF 


Base-Emitter Voltage Differential Gradient 
(I¢ = 1.0 mAdc, VcgE = 5.0 Vdc, 
Ta = —55 to +125°C) 


(2) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 
(3) The lowest hfe reading is taken as hg¢1 for this ratio. 


FIGURE 1 — pc CURRENT GAIN 
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MD918B,AF,BF 
MD918A 


FIGURE 2 — “ON” VOLTAGES 
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FIGURE 5 — CAPACITANCE 
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MAXIMUM RATINGS 


Total Device Dissipation @ Ta = 25°C 
MD982 
MD982F 


CASE 654-07, STYLE 1 


MQ982 
Derate above 25°C 


MD982F 


MD982 
CASE 610A-04, STYLE 1 MD982F 


MQ982 


Total Device Dissipation @ Tc = 25°C 
MD982 
MD982F 
MQg982 
Derate above 25°C 
MD982 
MD982F 
MQg982 


MQ982 
CASE 607-04, STYLE 1 ° 2 


DUAL 
AMPLIFIER TRANSISTOR 


PNP SILICON 


THERMAL CHARACTERISTICS 


All Die 
Characteristic Symbol One Die Equal Power 


Thermal Resistance, Junction to Case Re@Jc 
83.3 58.3 
140 70 
175 43.8 
Thermal Resistance, Junction to Ambient RgJA(t) 

292 270 

500 438 

MD982F 

Mag82_ (Q1-Q2) 


(Q1-Q3 or Q1-Q4) 


Coupling Factor 
MD982 


(1) RejA is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ty, = 25°C unless otherwise noted.) 


ee 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) (Ic = 10 mAdc, Ip = 0) V(BR)CEO re 
Collector-Base Breakdown Voltage (Ic = 10 wAdc, Iz = 0) viprjcso | 60 «| — | — | Vdc | 


Emitter-Base Breakdown Voltage (Ip = 10 wAdc, Ic = 0) V(BR)EBO | 50 | — | — | Vvde | 


Collector Cutoff Current (Vcg = 50 Vdc, IE = 0) . ICBO 
(VcB = 50 Vdc, Ile = 0, Ta = 150°C) 


ON CHARACTERISTICS(2) 


DC Current Gain (Ic = 0.1 mAdc, Vce = 10 Vdc) 
(i¢ = 1.0 mAdc, Vege = 10 Vdc) 
(I¢ = 10 mAdc, VcgE = 10 Vdc) 
(I¢ = 150 mAdc, VcgE = 10 Vdc) 


Collector-Emitter Saturation Voltage (lc = 150 mAdc, Ip = 15 mAdc) VCE(sat) an we eee 
Base-Emitter Saturation Voltage (Ic = 150 mAdc, Ip = 15 mAdc) VBE(sat) | — | oss | 14 | Vdc | 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 50 mAdc, VcgE = 20 Vdc, f = 100 MHz) 


i tt 


Output Capacitance (Vcg = 10 Vdc, IE = 0, f = 100 kHz) 


Input Capacitance (VgE = 2.0 Vdc, Ic = 0, f = 100 kHz) | 
(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 


Rating 


MD984 


CASE 654-07, STYLE 1 


Both Die 
One Die |Equal Power 


575 625 mw 
3.29 3.57 mWw/°C 
Total Device Dissipation @ Tc = 25°C 1.8 Watts 
Derate above 25°C 10.3 FA a mw/°C 
Operating and Storage Junction Ty, Tstg —65 to +200 
Temperature Range 
THERMAL CHARACTERISTICS 


Both Die 
Characteristic Symbol; One Die —. Power 


Thermal Resistance, Junction to Case} Rgjc | a7 | 0 °C/W 


Thermal Resistance, Junction to ReJA(1) 304 °C/W 
Ambient 
Junction to | Junction to 
Ambient Case 


(1) RejA is measured with the device soldered into a typical printed circuit board. 


Total Device Dissipation @ Ta = 
25°C 
Derate above 25°C 


DUAL 
AMPLIFIER TRANSISTOR 


PNP SILICON 


Refer to MD3250 for graphs. 


ELECTRICAL CHARACTERISTICS (Ty = 25°C unless otherwise noted.) 


pT haracteristic | Symbot | Min | Typ | Max | unit _| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO Vde 
(I¢ = 10 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 10 wAdc, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 Adc, Ic = 0) 
Collector Cutoff Current | ICBO 
(VcB = 20 Vdc, Ig = 0) nAdc 
(VcB = 20 Vdc, ip = 0, Ta = 150°C) pAdc 
ON CHARACTERISTICS 
DC Current Gain(2) 
(I¢ = 10 mAdc, Vcge = 10 Vdc) 
Collector-Emitter Saturation Voltage VCE(sat) 
(l¢ = 10 mAdc, Ip = 1.0 mAdc) 0.18 
(l¢ = 50 mAdc, Ig = 5.0 mAdc)(2) 0.38 
Base-Emitter Saturation Voltage VBE(sat) 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MAXIMUM RATINGS 


| Collector-Emitter Voltage | Veeco | 80 
| Collector-Base Voltage | Vepo | CV 
|Emitter-Base Voltage | Vepo | 8S 

Collector Current — Continuous | Collector Current— Continuous | Ic | 500i 


Both Die 
One Die _ {Equal Power 


Total Device Dissipation 


MD985,F 


-MD985_ 
CASE 654-07, STYLE 5 


@ Tp = 25°C 
MD985 
MD985F MD985F 
CASE 610A-04, STYLE 1 pear eilag 25°C 


MD985F 


Total Device Dissipation 
@ Tc = 25°C 
MD985 
MD985F 
Derate above 25°C 
MD985 
MD985F 


COMPLEMENTARY DUAL 
GENERAL PURPOSE TRANSISTOR 


NPN/PNP SILICON 


THERMAL CHARACTERISTICS 


Both Die 
Characteristic One Die Equal Power 


Thermal Resistance, Junction to Case Re@Jc °C/W 
. MD985 97 70 
MD985F . 175 87.5 
Thermal Resistance, Junction to Ambient ReJa(t) °C/W 
304 280 
500 438 
Junction to Junction to 
Ambient Case 
84 
75 


MD985 
MD985F 


Coupling Factor 


(1) RejA is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


ee 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO Vdc 
(I¢ = 10 mAdc, Ip = 0) . 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(I¢ = 10 pAdce, Ie = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(l—E = 10 pAdc, Ic = 0) 
Collector Cutoff Current ICBO 
(VcB = 50 Vde, Ip = 0) nAdc 
(Vcp = 50 Vdc, Ie = 0, Ta = +150°C) pAdc 
ON CHARACTERISTICS 
50 
75 
(Ic = 10 mAdc, VcgE = 10 Vdc) i 
(Ic = 150 mAdc, Vcg = 10 Vdc) 
Collector-Emitter Saturation Voltage VCE(sat) 
(I¢ = 150 mAdc, Ip = 15 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) 0 
(I¢ = 150 mAdc, Ip = 15 mAdc) 


DC Current Gain 
MOTOROLA SEMICONDUCTORS | SMALL-SIGNAL DEVICES 


(I¢ = 0.1 mAdc, VcgE = 10 Vdc) 
(I¢ = 1.0 mAdc, VcE = 10 Vdc) 


oil 
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MD985,F 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


ee 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product ft 200 
(Ic = 50 mAdc, VcE = 20 Vdc, f = 100 MHz) MD985 

Output Capacitance Cobo pF 
(VcB = 10 Vdc, Ig = 0, f = 100 kHz) 

Input Capacitance Cibo 20 pF 
(VBE = 0.5 Vdc, Ic = 0, f = 100 kHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Vcc = 30 Vdc, I¢ = 150 mAdc, Ipy = 15 mAdc) 


Turn-Off Time 
(Vcc = 30 Vdc, Ic = 150 mAdc, lpi = IB2 = 15 mAdc) 


(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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BL Bite Hebe PROB cate. st Kaan ot mm Bs 


NESBA ime 8 0 


MAXIMUM RATINGS 


[Rating Srmbo]—Vaue | Unit 
[GoleciorEmiter Votage—*(| Veeo | tide 
[colector-Bese Voltage + Vso | a0 SS=*dC 
a a eae Ee 


Both Die 
One Die | Equal Power 


MD986,F 


MD986 
CASE 654-07, STYLE 5 


es Device Dissipation 
@ Ta = 25°C 


MD986 ~ 600 
MD986F 400 


Derate above 25°C 
MD986 =| 3.42 
MD986F : 2.28 


Total Device Dissipation 
@ Tc = 25°C 
MD986 
MD986F 
Derate above 25°C 
MD986 
MD986F 


4.0 8.0 
ae | and Storage Junction Ty, Tstg —65 to +200 °C 
ae | Range 
THERMAL CHARACTERISTICS 


Both Die 
Characteristic Symbol One Die Equal Power 
Thermal Resistance, Junction to Case Rec 
MD986 125 87.5 
MD986F 250 125 
Thermal Resistance, Junction to Ambient . Rajat) °C/W 
319 292 
MD986F 500 438 
Junction to Junction to 
Ambient Case 
Coupling Factors % 
MD986 83 
MD986F 75 


(1) RejA is measured with the device soldered into a typical printed circuit board. 


MD986F 
CASE 610A-04, STYLE 1 


COMPLEMENTARY DUAL 
GENERAL PURPOSE TRANSISTOR 


NPN/PNP SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


[| Characteristic | Symbol | Min, | Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) (Ic = 10 mAdc, Ip = 0) V(BR)CEO | 1 | hv — | = | vac | 
Collector-Base Breakdown Voltage (Ic = 10 Adc, IE = 0) V(BR)CBO | 40 [| — | — | vac | 
Emitter-Base Breakdown Voltage (l— = 10 wAdc, Ic = 0) V(BR)EBO | 50 | — | — | vac | 


Collector Cutoff Current (VcB = 20 Vdc, IE = 0) 
(VcR = 20 Vde, IE = 0, Ta = 150°C) 
Bel Mia ied al Mie 
VCE(sat) 

(I¢ = 10 mAdc, Ip = 1.0 mAdc) 
(I¢ = 50 mAdc, lg = 10 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) 

(I¢ = 10 mAdc, Ip = 1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 


(I¢ = 20 mAdc, Vcf = 20 Vdc, f = 100 MHz) 
(Ic = 20 mAdc, VcgE = 10 Vde, f = 100 MHz) MD986F 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 10 mAdc, VcE = 10 Vdc) 


Collector-Emitter Saturation Voltage 


Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 


(2) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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| MD1120,F _—si|# 
MD1121,F 


MD1122,F 
MQ1120 


[collector Bese Vote ———~—~+dti Veg | 
[coletor current — Continuous ‘| Ig_-| 600 


ae 


Total Device Dissipation @ Ta = 25°C MD1120, MD1121, MD1122 
MD1120, MD1121, MD1122 mW CASE 654-07, STYLE 1 
MD1120F, MD1121F, MD1122F 

ee ae 25°C MD1120F 
MD1120, MD1121, MD1122 mw/c CASE 610A-04, STYLE 1 
MD1120F, MD1121F, MD1122F 
MQ1120 MQ1120 r, 

Total Device Dissipation @ Tc = 25°C | CASE 607-04, STYLE | oe 
MD1120, MD1121, MD1122 Watts 
MD1120F, MD1121F, MD1122F DUAL 
MQ1120 : | AMPLIFIER TRANSISTOR 

Derate above 25°C 
MD1120, MD1121, MD1122 mWw/°C 
MD1120F, MD1121F, MD1122F NER SICON 
Ma1120 Refer to MD2218,A for graphs. 


Operating and Storage Junction TJ, Tstg —65 to +200 °C 
Temperature Range 
THERMAL CHARACTERISTICS 


ee 
MD1120F, MD1121F, MD1122F 


Thermal Resistance, Junction to Case R@JC 

: 97 70 
175 87.5 
MQ1120 195 48.8 

Thermal Resistance, Junction to Ambient ReJAl(1) °C/W 
MD1120, MD1121, MD1122 304 280 
MD1120F, MD1121F, MD1122F 500 438 
MQ1120 438 292 

% 


All Die 
Equal Power 
°C/W 


MD1120, MD1121, MD1122 


Junction to Junction to 
Ambient Case 


Coupling Factors 


MD1120, MD1121, MD1122 84 44 
MD1120F, MD1121F, MD1122F 75 0 
MQ1120 (Q1-Q2) 0 

(Q1-Q3 or Q1-Q4) 0 


(1) RejA is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


[SSCharacteistis «dS Symbot | in | ty | Max | Unt 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO Vdc 
(I¢ = 10 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(I¢ = 10 pAdc, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 10 wAdc, Ic = 0) 
Collector Cutoff Current ICBO 
(VcB = 50 Vdc, IE = 0) 10 nAdc 
(VcB = 50 Vdc, IE = 0, Ta = 150°C) 10 pAdc 
Emitter Cutoff Current 10 nAdc 
(Veg = 3.0 Vdc, Ic = 0) 


SMALL-SIGNAL DEVICES | MOTOROLA SEMICONDUCTORS 
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4 
i 
: 


MD1120,F, MD1121,F, MD1122,F, MQ1120 


ELECTRICAL CHARACTERISTICS eae) (Ta = 25°C unless otherwise noted.) | 


ce —— cates ema al 


ON CHARACTERISTICS 


DC Current Gain(2) 
(Ic = 10 wAdc, VcE = 10. Vdc) 
(I¢ = 100 wAdc, VcE = 10 Vdc) 
(I¢ = 1.0 mAdc, VcE = 10 Vdc) 
(I¢ = 10 mAdc, Veg = 10 Vdc) 200 


Collector-Emitter Saturation Voltage VCE(sat) mVdc 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) mVdc 

(I¢ = 10 mAdc, Ig = 1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(I¢ = 20 mAdc, VcfE = 20 Vde, f = 100 MHz) 


i tt 


Output Capacitance 
(Vcp = 10 Vdc, Ie = 0, f = 100 kHz) 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio(3) 
(I¢ = 100 Adc, VcE = 10 Vdc) All Devices 
(ic = 1.0 mAdc, Vcg = 10 Vde) = _MD1122, MD1122F 


Base-Emitter Voltage Differential 
(I¢ = 100 wAdc, VcE = 10 Vdc) All Devices 
(I¢ = 1.0 mAdc, VcgE = 10 Vdc) MD1122, MD1122F 


Base-Emitter Voltage Differential Change 
Due to Temperature — MD1121, MD1122 

(i¢ = 100 wAdc, VcE = 10 Vde, Ta. = ~—55 to +25°C) 
(i¢ = 100 wAdec, VcE = 10 Vde, Ta = +25 to +125°C) 


(2) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 
(3) The lowest hfe reading is taken as hfe, for this ratio. 


hFet/hre2 


=_ p= [= 
— ae 


oH 
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MAXIMUM RATINGS 

| 
Collector-Emitter Voltage lVvcco | i 0t—t~—<‘C~*i‘*rt*CiN c= 
Collector-Base Voltage !Vvcpo | iOt—t~—‘C~*s*YSC«SN dc 
Emitter-Base Voltage Vegso | 80 Vide 
Collector Current — Continuous | ic | 200, ss me 
De ee ee ed oe 
mW 


MD1123 
MD1130,F 


MD1123 
MD1130 
CASE 654-07, STYLE 1 


All Die 


Total Device Dissipation 


@ Ta = 25°C 
MD1123, MD1130 575 625 
MD1130F 350 400 


Derate above 25°C 
MD1123, MD1130 
MD1130F 


mW/°C 
Total Device Dissipation 
@ Tc = 25°C 
MD1123, MD1130 
MD1130F 
Derate above 25°C 
MD1123, MD1130 


Watts 
mW/°C 
MD1130F 


Operating and Storage Junction TJ, Tstg -—65 to +200 =C 
Temperature Range 
THERMAL CHARACTERISTICS 


All Die 
Characteristic One Die Equal Power 
Thermal Resistance, Junction to Case ReJc °C/W 
97 70 
175 87.5 
ReJA(1) °C/W 
304 280 
500 438 
Junction to Junction to 
Ambient Case 


% 


MD1130F 
CASE 610-A04, STYLE 1 


DUAL 
AMPLIFIER TRANSISTOR 


PNP SILICON 


MD1123, MD1130 
MD1130F 


Thermal Resistance, Junction to Ambient 


MD1123, MD1130 
MD1130F 


Coupling Factors 
MD1123, MD1130 
MD1130F 


84 
75 


(1) RejA is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Pp haracteristic | Symbot | Min | Typ | Max | Unit _| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO Vde 
(Ic = 10 mAdc, IB = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 10 pAdec, Ie = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(l—E = 10 wAdce, Ic = 0) 


Collector Cutoff Current ICBO 
(VcB = 50 Vdc, Ig = 0) nAdc 
(VcB = 50 Vdc, Ip = 0, Ta = 150°C) pAdc 
Emitter Cutoff Current nAdc 
(VBE = 3.0 Vdc, Ic = 0) 
ON CHARACTERISTICS 
DC Current Gain(2) 
(Ic = 10 wAdc, VcE = 10 Vdc) MD1130,F 


(Ic = 100 wAdc, Veg = 10 Vdc) MD1123 
| MD1130F 


(I¢ = 1.0 mAdc, VcE = 10 Vdc) MD1130,F 


(Ic = 10 mAdc, VcE = 10 Vdc) MD1123 
MD1130,F 
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MD1123, MD1130,F 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


eee ene ee 
Collector-Emitter Saturation Voltage | VCE(sat) 
(ic = 10 mAde, Ip = 1.0 Adc) 
Base-Emitter Saturation Voltage VBE(sat) 
(I¢ = 10 mAdc, lp = 1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio(3) 
(Ic = 100 pAdc, Veg = 10 Vdc) MD1123 
MD1130,F 


Base-Emitter Voltage Differential 


(I¢ = 100 wAdc, VcE = 10 Vdc) MD1123 
(Ic = 1.0 mAde, Vc = 10 Vdc) MD1130,F 


Current-Gain — Bandwidth Product 
(I¢ = 20 mAdc, VcgE = 20 Vdc, f = 100 MHz) MD1123 
MD1130,F 


Base-Emitter Voltage Differential Change 
Due to Temperature — MD1121, MD1122 
(I¢ = 100 wAdc, Vcg = 10 Vdc, Ta = +25 to + 125°C) MD1130,F 


(2) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 
(3) The lowest hee reading is taken as hf¢q for this ratio. 
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MAXIMUM RATINGS 


Rating ———~S~*dSymmbor| ~~ ———«d;SCit ‘| MD1129.F 
Collector Base Voltage vezo | 0 —~«dtiCe MQ1129 
Emitter-Base Voltage Veso | 0 
Collector Current — Continuous | Ic | 800_—_—+| made MD1129 

All Die CASE 654-07, STYLE 1 
One Die _ | Equal Power 
Total Power Dissipation 

@ Tp = 25°C mW MD1129F 
MD1129 CASE 610A-04, STYLE 1 
MD129F 
MQ1129 

Derate above 25°C mWwW/°C 
MD1129 MQ1129 
MD1129F 


MQ1129 CASE 607-04, STYLE 1 


Total Device Dissipation 

@ Tc = 25°C 
MD1129 
MD1129F 
MQ1129 

Derate above 25°C 
MD1129 
MD1129F 


Watts 
mW/°C 
MQ1129 
Operating and Storage Junction TJ, Tstg —65 to +200 sO 
Temperature Range 
THERMAL CHARACTERISTICS 


. All Die 
. Characteristic Symbol One Die Equal Power 
Thermal Resistance, Junction to Case Ra@Jc °C/W 
MD1129 97 70 
MD1129F 175 87.5 
MQ1129 195 48.8 


Thermal Resistance, Junction to Ambient ReJjA(1) 304 280 
500 438 
438 292 
Junction to Junction to 
Ambient Case 
% 


°C/W 
Coupling Factors 4 


DUAL 
AMPLIFIER TRANSISTOR 


NPN SILICON 


MD1129 84 44 
MD1129F 75 0 
MQ1129 (Q1-Q2) 0 

(Q1-Q3 or 01-04) 0 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


a 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO Vdc 
(Ic = 10 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 10 wAdc, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 10 Ade, Ic = 0) 
Collector Cutoff Current ICBO 
(VcB = 50 Vdc, IE = 0) nAdc 
(VcB = 50 Vdc, IE = 0, Ta = 150°C) pAdc 
Emitter Cutoff Current 10 nAdc 
(VBE = 3.0 Vdc, Ic = 0) 
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MD1129,F, MQ1129 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Symbol [Min | Typ | Max [Unit 
ON CHARACTERISTICS | ae coi 


DC Current Gain(2) 
(I¢ = 10 wAdc, VcE = 10 Vdc) 

(Ic = 100 pAdc, VcE = 10 Vdc) 
(Ic = 1.0 mAdc, Vce = 10 Vdc) 
(Ic = 10 mAdc, Vcg = 10 Vdc) 
Collector-Emitter Saturation Voltage. 


(I¢ = 10 mAdc, Ig = 1.0 mAdc) -MD1129, MQ1129 
MD1129F 


Base-Emitter Saturation Voltage 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(I¢ = 20 mAdc, Vcf = 10 Vdc, f = 100 MHz) 


Output Capacitance 
(VcB = 10 Vdc, Ig = 0, f = 100 kHz) 


MATCHING CHARACTERISTICS (MD1129, MD1129F) 


DC Current Gain Ratio(3) 

(Ic = 100 Adc, VcE = 10 Vdc) 
(I¢ = 1.0 mAdc, VcE = 10 Vdc) 
Base-Emitter Voltage Differential 
(Ic = 100 wAdc, VcE = 10 Vdc) 
(Ic = 1.0 mAdc, Vee = 10 Vdc) 


Base-Emitter Voltage Differential Change Due to Temperature 


IVBE1-VBE2! 
A(VBE1-VBE2) 
(Ic = 100 pAdc, VcE = 10 Vde, Ta = —55 to + 25°C) 
(I¢ = 100 wAdc, Veg = 10 Vdc, Ta = +25 to +125°C) 


(1) RgJA is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
(3) The lowest hfg reading is taken as hf¢q for this ratio. 


hFe1/hFE2 
0.9 1.0 
0.9 1.0 
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MAXIMUM RATINGS 


MD1132Z,F 


MD1132F 
CASE 610A-04, STYLE 1 


a 


Pf ne die [Both dic || 
Total Device Dissipation @ Ta = 25°C 600 mw 
Derate above 25°C 3.42 mWw/°C 

Total Device Dissipation @ Tc = 25°C 1.4 2.0 Watts 
Derate above 25°C 8.0 11.4 mWw/°C 
Operating and Storage Junction Ty, Tstg —65 to +200 °C 

Temperature Range 
THERMAL CHARACTERISTICS 


Both Die 
Characteristic Symbol; One Die /| Equal Power 
Thermal Resistance, Rgjc 125 87.5 °C/W 
Junction to Case 
Thermal Resistance, Rajat) 319 292 °C/W | 
Junction to Ambient 
Junction to | Junction to 
Ambient Case 
Coupling Factors | es | wm 


(1) ReJA is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot | min | typ | Max | Unit | 
OFF CHARACTERISTICS 

| Collector-Emitter Breakdown Voltagel2) (ic = 30mAdcig= 0) | Wpriceo | 18 | | Ve 

| Collector-Base Breakdown Voltage (Ic = 1.0 Adc le=0) | Viprycso | 30 | | |e 


Emitter-Base Breakdown Voltage (igp = 10 wAdc, Ic = 0) V(BR)EBO | 50 | — | — | Vde 


Collector Cutoff Current (Vcg = 15 Vde, IE = 0) pe ee ee ee ee 
(VcR = 15 Vde, Ie = 0, Ta = 150°C) 1.0 dc 

ON CHARACTERISTICS 

| DC Current Gain(2) (Ic = 1.0mAdc,Voe = 5.0Vde) |e || | 

collector Emitter Saturation Voltage (lg = 10 mAde, Ig = 10mAde) | Vorteay | — | 02 | 04 | vee 

| Base-Emitter Saturation Voltage (Ic = 10mAdc,Ig=10mAdc) | Vets) | — | 07 | 10 | Vdo 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 4.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 


Output Capacitance (Vcp = 0, Ig = 0, f = 140 kHz) 
(VcB = 10 Vdc, IE = 0, f = 140 kHz) 


Input Capacitance (Veg = 0.5 Vdc, Ic = 0, f = 140 kHz) Cibo 
MATCHING CHARACTERISTICS 


DC Current Gain Ratio(3)_ (Ic = 1.0 mAdc, Vcg = 5.0 Vdc) hrevhreg | 09 | — | 10 | — | 
Base-Emitter Voltage Differential (I¢ = 1.0 mAdc, VcE = 5.0 Vdc) Vee1-VBe2i | — | — | 50 


Base-Emitter Voltage Differential Change Due to Temperature A(VBE1-VBE2) p- |]. 


MD1132 _ 


CASE 654-07, STYLE 1 


RF AMPLIFIER TRANSISTOR 


NPN SILICON 
Refer to MD918 for graphs. 


(I¢ = 1.0 mAdc, Vcg = 5.0 Vde, Ta = —55 to +25°C) 
(I¢ = 1.0 mAdc, Vcg = 5.0 Vde, Ta = +25 to + 125°C) 


(2) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 
(3) The lowest hfe reading is taken as hfe for this ratio. 
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Me te ae Dake Rte A Ee me wn ee 


MD2218,A,F,AF | - 

MD2219,A,F,AF 
MQ2218,A — 
MQ2219,A 


MD2218,A 
MD2219,A 
CASE 654-07, STYLE 1 


Rating 


Total Device Dissipation 

@ Ta = 25°C 
MD2218,A, MD2219,A 
MD2218F,AF, MD2219F,AF 
MQ2218,A, MQ2219,A 

Derate above 25°C 
MD2218,A, MD2219,A 
MD2218F,AF, MD2219F,AF 
MQ2218,A, MQ2219,A 


Total Device Dissipation 

@ Tc = 25°C 
MD2218,A, MD2219,A 
MD2218F,AF, MD2219F,AF 
MQ2218,A, MQ2219,A 

Derate above 25°C 
MD2218,A, MD2219,A 
MD2218F,AF, MD2219F,AF 
MQ2218,A, MQ2219,A 


MD2218F,AF > 
MD2219F,AF [4 
CASE 610A-04, STYLE 1 


MQ2218,A 
MQ2219,A : 
CASE 607-04, STYLE 1 -_ 
DUAL 


AMPLIFIER TRANSISTOR 
NPN SILICON 


THERMAL CHARACTERISTICS 


. All Die 
| ceanctine ——|samtt | mein | sree | unt 
Thermal Resistance, Junction to Case Re@Jc °C/W 

MD2218,A, MD2219,A 97 70 
MD2218F,AF, MD2219F,AF 175 87.5 
MQ2218,A, MQ2219,A 195 48.8 


Real) °C/W 
304 280 
500 438 
438 292 


Junction to Junction to 
Ambient Case 


% 


Thermal Resistance, Junction to Ambient 
MD2218,A, MD2219,A 

MD2218,F,AF, MD2219,F,AF 
MQ2218,A, MQ2219,A 


Coupling Factors 
MD2218,A, MD2219,A 
MD2218F,AF, MD2219F,AF 
MQ2218,A, MQ2219,A (Q1-Q2) 

(Q1-03 or Q1-04) 


(1) RejA is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Li haracteristic | Symbot_ | min | typ | Max | Unit _| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
(Ic = 10 mAdc, Ip = 0) 


MD2218,A,F, MD2219,A,F, MQ2218,A, 
MQ2219,A 
MD2218AF, MD2219AF 


~ lgfatel | 
V(BR)CBO | Vde 

60 

75 
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Collector-Base Breakdown Voltage 
(Ic = 10 wAdc, IE = 0) 


MD2218,A,F, MD2219,A,F, MQ2218,A, 
MD2219,A 
MD2218AF, MD2219AF 
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MD2218,A,F,AF, MD2219,A,F,AF, MQ2218,A, MQ2219,A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 


Emitter-Base Breakdown Voltage 
(IE = 10 pAdsc, Ic = 0) 
MD2218,A,F, MD2219,A,F, MQ2218,A, 
MQ2219,A 
MD2218AF, MD2219AF 


Collector Cutoff Current 
(VcE = 50 Vdc, VEB(off) = 3.0 Vdc) 
MD2218,F, MD2219,F, MQ2218,A 
MD2218A,AF, MD2219A,AF, MQ2219,A 


Base Cutoff Current 
(VcE = 50 Vdc, VEB(off) = 3.0 Vdc) 


ON CHARACTERISTICS(2) 


DC Current Gain 
(I¢ = 0.1 mAdc, VcE = 10 Vdc) 
MD2218,A,F,AF, MQ2218,A 
MD2219,A,F,AF, MQ2219,A 


(I¢ = 1.0 mAdc, VcE = 10 Vdc) 
MD2218,A,F,AF, MQ2218,A 
MD2219,A,F,AF, MQ2219,A 


(I¢ = 10 mAdc, VcE = 10 Vdc) 
MD2218,A,F,AF, MQ2218,A 
MD2219,A,F,AF, MQ2219,A 


(Ic = 150 mAdc, VcE = 1.0 Vdc) 
MD2218,A,F,AF, MQ2218,A 
MD2219,A,F,AF, MQ2219,A 


(Ic = 150 mAdc, Vcg = 10 Vdc) : 
MD2218,AF,AF, MQ2218,A 
MD2219,A,F,AF, MQ2219,A 


(I¢ = 300 mAdc, VcE = 10 Vdc) 


MD2218,A, MQ2218,A 
MD2219,A, MQ2219,A 


Collector-Emitter Saturation Voltage VCE(sat) 
(I¢ = 150 mAdc, Ip = 15 mAdc) 
MD2218,A,F, MD2219,A,F, MQ2218,A, 
MQ2219,A 
MD2218AF, MD2219AF 
(I¢ = 300 mAdc, IB = 30 mAdc) 
MD2218,A,F, MD2219,A,F, MQ2218,A, . 
. MQ2219,A_ 
MD2218AF, MD2219AF 
Base-Emitter Saturation Voltage VBE(sat) 
(I¢ = 150 mAdc, Ip = 15 mAdc) 
MD2218,A,F, MD2219,A,F, MQ2218,A, 
MQ2219,A 
MD2218AF, MD2219AF 
(I¢ = 300 mAdc, Ip = 30 mAdc)MD2218,A,F, MD2219,A,F, MQ2218,A, 
MQ2219,A 
MD2218AF, MD2219AF 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(VcB = 10 Vdc, IE = 0, f = 100 kHz) 


Input Capacitance 
(VERB = 0.5 Vde, Ic = 0, f = 100 kHz) 
MD2218,A,F, MD2219,A,F, MQ2218,A, 
MQ2219,A 
MD2218AF, MD2219AF 
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TR et ainsi, RRR. me oo Mm NT Tm 


MD2218,A,F,AF, MD2219,A,F,AF, MQ2218,A, MQ2219,A 
ELECTRICAL CHARACTERISTICS (continued) WAS 25°C unless otherwise noted.) 


PO haraeternde SS Symbot [win tye [mex [Unie 


SWITCHING CHARACTERISTICS 


Delay Time 


Storage Time 
MD2218,F, MD2219,F 


Fall Time 
MD2218A,AF, MD2219A,AF 


(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 


(Vcc = 30 Vde, Ic = 150 mAdc, 
VBE(off) = 0.5 Vde, Igy = 15 mAdc) 
MD2218,F, MD2219,F 
MD2218A,AF, MD2219A,AF 


MD2218,F, MD2219,F 
MD2218A,AF, MD2219A,AF 


(Vcc = 30 Vde, Ic = 150 mAdc, 

Ip1 = Ip2 = 15 mAdc) 
MD2218,F, MD2219,F 
MD2218A,AF, MD2219A,AF 


FIGURE 1 — NORMALIZED DC CURRENT GAIN 
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FIGURE 2 — “ON” VOLTAGES FIGURE 3 — TEMPERATURE COEFFICIENTS 
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MD2218,A,F,AF, MD2219,A,F,AF, MQ2218,A, MQ2219,A 
NOISE FIGURE 
(Voge = 10 Vde, Ta = 25°C) 
FIGURE 4 — FREQUENCY EFFECTS FIGURE 5 — SOURCE RESISTANCE EFFECTS 
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MD2218,A,F,AF, MD2219,A,F,AF, MQ2218,A, MQ2219,A 


FIGURE 10 — TURN-OFF BEHAVIOR 
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FIGURE 11 — DELAY AND RISE TIME FIGURE 12 — STORAGE TIME AND FALL 
EQUIVALENT TEST CIRCUIT TIME EQUIVALENT TEST CIRCUIT 


GENERATOR RISE TIME < 2.0 ns pace erwact ere yal +30 V 
< 200 ns <= 3. 
DUTY CYCLE = 2.0% +30 V DUTY CYCLE = 2.0% 


200 SCOPE 


Rin > 100 k ohms 
iCin < 12 pF 
RISE TIME < 5.0 ns 


+16.2V 


SCOPE 
Rin > 100 k ohms 


9.9V 619 Cin < 12 pF 
RISE TIME < 5.0 ns g-—!—- -]-- -,— — 
> 200 sell 
0 — «aw 
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MAXIMUM RATINGS 


MD2369,A,B 
MD2369F,AF,BF 
MQ2369 


——— MD2369,A,B ie) 
Total Device D si 
Cn CASE 654-07, STYLE 1 G 
MD2369,A,B 
MD2369F,AF,BF MD2369F,AF,BF 
MQ2369 : —_ 
Dots above DERG CASE 610A-04, STYLE 1 
MD2369,A,B 
MD2369F,AF, BF MQ2369 
Ma2369 CASE 607-04, STYLE 1. 


DUAL 
GENERAL PURPOSE TRANSISTOR 


NPN SILICON 


Total Device Dissipation 

@ Tc = 25°C 
MD2369,A,B 
MD2369F,AF,BF 
MQ2369 

Derate above 25°C 
MD2369,A,B 
MD2369F,AF,BF 
MQ2369 : 

Temperature Range 


THERMAL CHARACTERISTICS 


All Die 
Characteristic . Symbol One Die Equal Power 
Thermal Resistance, Junction to Case ReJc °C/W 
MD2369,A,B 125 87.5 
MD2369F,AF,BF 250 125 
MQ2369 250 62.6 
Thermal Resistance, Junction to Ambient RgJA(t) °C/W 
MD2369,A,B 319 292 
MD2369F,AF,BF 500 438 
MQ2369 438 292 


Junction to Junction to 
Ambient Case 


Coupling Factor MD2369,A,B 83 40 % 
MD2369F,AF,BF 75 0 
MQ2369 (Q1-Q2) 57 0 
(Q1-Q3 or Q1-04) 


(1) RejA is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


eS 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO Vdc 
(Ic = 10 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(I¢ = 10 wAdc, IE = 0) 

Emitter-Base Breakdown Voltage , V(BR)EBO Vdc 
(ig = 10 Ade, Ic = 0) 


Collector Cutoff Current 
(VcB = 20 Vdc, ig = 0) 
(VcB = 20 Vdc, I— = 0, Ta = + 150°C) 


ON CHARACTERISTICS(2) 


DC Current Gain 
(I¢ = 10 mAdc, Vege = 1.0 Vdc) 
(I¢ = 10 mAdc, VcE = 1.0 Vde, Ta = —55°C) 
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MD2369,A,B, MD2369F,AF,BF, MQ2369 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Collector-Emitter Saturation Voltage 
(I¢ = 10 mAdc, Ig = 1.0 mAdc) 


Base-Emitter Saturation Voltage 
(I¢ = 10 mAdc, IB = 1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) . 

(I¢ = 10 mAdc, Vce = 10 Vde, f = 100 MHz) 
Output Capacitance 

(VcB = 5.0 Vde, IE = 0, f = 100 kHz) 


Input Capacitance 
(VBE = 1.0 Vdc, Ic = 0, f = 100 MHz) 


SWITCHING CHARACTERISTICS 


Storage Time 
~ (Vcc = 10 Vdc, Ic = Ip1 = Ip2 = 10 mAdc) 


Turn-On Time 
(Vcc = 3.0 Vde, VBE(off) = 1.5 Vde, Ic = 10 mAdc, Ig1 = 3.0 mAdc) 


Turn-Off Time 
(Vcc = 3.0 Vde, Ic = 10 mAdc, Ip1 = 3.0 mAdc, Ip2 = 1.5 mAdc) 


MATCHING CHARACTERISTICS 
DC Current Gain Ratio(3) hre1/hFE2 


(ic = 3.0 mAdc, Vcg = 1.0 Vdc) 


Base-Emitter Voltage Differential 
(I¢ = 3.0 mAdc, Vcge = 1.0 Vdc) 


Base-Emitter Voltage Differential Gradient 
(I¢ = 3.0 mAdc, VcE = 1.0 Vdc, 
Ta = —55to +125°C) 


MD2369A, MD2369AF 
MD2369B, MD2369BF 


MD2369A, MD2369AF 
MD2369B, MD2369BF 


MD2369A, MD2369AF 


\VBE1-VBEa2l 


A(VBE1-VBE2) 
ATA 


MD2369B, MD2369BF 


(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
(3) The lowest hfe reading is taken as hfe for this test. 


FIGURE 1 — STORAGE TIME TEST CIRCUIT 


+10 V 
+6.0 V 
o-f-f- 7 
~4.0 V 


Pulse Width = 300 ns 
t¢<1.0 ns 
Duty Cycle <2.0% 


FIGURE 2 — TURN-ON TIME 


a a A emcee od al meae 
oS a con ee adie an 
ras es aa Sad a Poon Oe ol 6 Cal 6 ERG aneee 
co i 21) same) SA SOC el ED 0 A I ED BE SO 
50 NES | ana: EEL NS CR CANE GR] GS SS SNS A ICA SA GS OE Wk 
mn Bel iis Perce: PT ET GSES RN a Ra ES EAS CF 

3 rs eee g 3-—_+-_+—} | PS Pf 
ee BANS = ee EE Ce 
= ese. ete, ea (SA ee Fe HS Ce 
a miaaas a a a 
= Sas oes a os ——— ee 
ae oe ee eas 
oN ae sa ed iP na a OU HL ees 
3.0 ETT TT eg @ veetetty = 1. a Pf Oe a A a SO a De ae 

20 ees i fe 
1.0 2.0 3.0 5.0 7.0 10 20 = 30 50 70 -100 1.0 2.0 3.0 5.0 7.0 10 20 «30. 50 70 100 


ic, COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mA) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


5-60 


MD2369,A,B, MD2369F,AF,BF, MQ2369 
FIGURE 4 — TURN-ON TEST CIRCUIT 


+10.75 V 
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Pulse Width = 300 ns 
t}< 1.0 ns 
Duty Cycle< 2.0% 
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FIGURE 6 — CAPACITANCE 
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FIGURE 8 — DC CURRENT GAIN 
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FIGURE 10 — COLLECTOR SATURATION REGION 
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FIGURE 5 — TURN-OFF TEST CIRCUIT 
Vec= 3.0 V 
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FIGURE 7 — CURRENT-GAIN—BANDWIDTH PRODUCT 


ft, CURRENT-GAIN—BANDWIDTH PRODUCT (MHz) 
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FIGURE 9 — “ON” VOLTAGES 
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FIGURE 11 — TEMPERATURE COEFFICIENTS 
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MAXIMUM RATINGS 


MD2904,A,F,AF 
MD2905,A,F,AF 
MQ2904, MQ2905A 


MD2904,A 
MD2905,A 
CASE 654-07, STYLE 1 


Collector-Base Voltage VcBO 
Emitter-Base Voltage VEBO 
Collector Current — Continuous Ic 


MD2904F,AF Total Device Dissipation 
MD2905F,AF I~ @ Ta = 25°C 
CASE 610A-04, STYLE 1 MD2904,A, MD2905,A 
MD2904F,AF, MD2905,AF 


MQ2904, MOQ2905A 


MQ2904 Derate above 25°C 
MQ2905A | MD2904,A, MD2905,A 
CASE 607-04, STYLE 1 — MD2904,F,AF, MD2905F,AF 


MQ2904, MQ.2905A 


Total Device Dissipation 

@ Tc = 25°C 
MD2904,A, MD2905,A 
MD2904F,AF, MD2905F,AF 
MQ2904, MQ2905A 

Derate above 25°C 
MD2904,A, MD2905,A 
MD2904F,AF, MD2905F,AF 
MQ2904, MQ2905A 


DUAL 
AMPLIFIER TRANSISTOR 


PNP SILICON 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case 
MD2904,A, MD2905,A 
MD2904F,AF, MD2905F,AF 
MQ2904, MQO2905A 


Thermal Resistance, Junction to Ambient 
MD2904,A, MD2905,A 
MD2904F,AF, MD2905F,AF 
MQ2904, MQ2905A 


Coupling Factor % 
MD2904,A, MD2905,A 
MD2904F,AF, MD2905F,AF 
MQ2904, MQ2905A (Q1-Q2) 
(O1-Q3 or 01-04) 


(1) Resa is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Symbot_[ win [twp [Max [unt | 
(I¢ = 10 mAdc, Ip = 0) MD2904, MD2905 


V(BR)CEO Vde 
40 
MD2904A, MD2905A 60 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(I¢ = 10 pAdc, ig = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(l—E = 10 wAdc, I¢ = 0) | 


Collector Cutoff Current ICBO pAdc 
0.020 
30 


(Vcp = 50 Vdc, Ie = 0) 
MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 


(VcB = 50 Vdc, Ie = 0, Ta = 150°C) 
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MD2904,A,F,AF, MD2905,A,F,AF, MQ2904, MQ2905A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Symbol | Min | Typ _ | 


Emitter Cutoff Current 
(VBE = 3.0 Vdc, Ic = 0) 


ON CHARACTERISTICS(2) 


DC Current Gain NFE 
(I¢ = 0.1 mAdc, VcgE = 10 Vdc) MD2904 
MD2904A 
MD2905 
MD2905A 
1.0 mAdc, VcgE = 10 Vdc) MD2904 
MD2904A 
MD2905 
MD2905A 
10 mAdc, Vce = 10 Vdc) MD2904 
MD2904A ! 
MD2905 
MD2905A 
(I¢ = 150 mAdc, VcE = 10 Vdc) . MD2904,A, 
MD2905,A 
(I¢ = 500 mAdc, VcgE = 10 Vdc) MD2904 
MD2904A 
MD2905 
MD2905A 


Collector-Emitter Saturation Voltage VCE(sat) 
(i¢ = 150 mAdc, Ip = 15 mAdc) 
(l¢ = 500 mAdc, IB = 50 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 
(I¢ = 150 mAdc, Ip = 15 mAdc) 
(I¢ = 500 mAdc, Ip = 50 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(3) 
(I¢ = 50 mAdc, VcE = 20 Vdc, f = 100 MHz) 


Output Capacitance 
(VcB = 10 Vdc, Ig = 0, f = 100 kHz) 


Input Capacitance 
(VBE = 2.0 Vdc, Ic = 0, f = 100 kHz) 


SWITCHING CHARACTERISTICS 


Turn-Off Time (Vee = 30 Vde, 
Fall Time Ip1 = IB2 = 15 mAdc) 


(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 
(3) Pulse Test: Pulse Width < 300 us, Duty Cycle < 


0%. 


2 
2.0%. 
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MD2904,A,F,AF, MD2905,A,F,AF, MQ2904, MQ2905A 
FIGURE 1 — DC CURRENT GAIN 
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NF, NOISE FIGURE (dB) 


i 
= 
an 
ai 
: 
: 
0 7. 


Pee i 
ee ee Oe 
Ph eer 
ile a a a 
Seceazi 
ort 
3.0 0 1 


Ses EH ee 
ae ie ee 


—_ 


Ic, COLLECTOR CURRENT (mA) 


FIGURE 2 — “ON” VOLTAGES 
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FIGURE 3 — TEMPERATURE COEFFICIENTS 
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NF, NOISE FIGURE (dB) 


FIGURE 5 — SOURCE RESISTANCE EFFECTS 
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FIGURE 6 — CURRENT-GAIN BANDWIDTH PRODUCT 
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FIGURE 10 — STORAGE TIME 
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FIGURE 9 — CHARGE DATA 
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FIGURE 11 — FALL TIME 
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FIGURE 12 — DELAY AND RISE FIGURE 13 — STORAGE AND FALL 
TIME TEST CIRCUIT TIME TEST CIRCUIT 
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MAXIMUM RATINGS 
Collector-Emitter Voltage VCEO | Vde 


a ee 
| Collector-Base Voltage | Vepo | 80 Vd 
|Emitter-Base Voltage | Vepo | 5.0 | Ve 
a eee 
pe fl 
One Die | Equal Power 
mW 


Collector Current — Continuous ig | 


Total Device Dissipation 

@ Ta = 25°C 
MD3250,A, MD3251,A 
MD3250F,AF, MD3251F,AF 
MQ3251 

Derate above 25°C 
MD3250,A, MD3251,A 
MD3250F,AF, MD3251F,AF 
MQ3251 


Total Device Dissipation 

@ Tc = 25°C 
MD3250,A, MD3251,A 
MD3250F,AF, MD3251F,AF 
MQ3251 

Derate above 25°C 
MD3250,A, MD3251,A 
MD3250F,AF, MD3251 F, AF 
MQ3251 


Thermal Resistance, Junction to Case 
MD3251,A, MD3251,A 
MD3250F,AF, MD3251F,AF 
MQ3251 


Thermal Resistance, Junction to Ambient 


MD3250,A, MD3251,A 
MD3250F,AF, MD3251F,AF 
MQ3251 


Coupling Factors 
MD3250,A, MD3251,A 


MD3250F,AF, MD3251F,AF 
MQ3251 (Q1-Q2) 
(Q1-Q3 or 01-04) 


(1) Reja is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


po Characteristic | Symbot_ |i | tye | Max | unit_| 


cll lel Mal Ba 
ah od Nell Ball a 
coos al il ll Bal 


ICBO 
nAdc 
pAdc 
eo ee 


MOTOROLA SEMICONDUCTORS 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
(Ic = 10 mAdc, Ig = 0) 
Collector-Base Breakdown Voltage 
(Ic = 10 wAdc, IE = 0) 
Emitter-Base Breakdown Voltage 
(IE = 10 wAdc, Ic = 0) 
Collector Cutoff Current 
(VcB = 40 Vdc, Ie = 0) 
(VcB = 40 Vdc, IE = 0, Ta = 150°C) 
Emitter Cutoff Current 
(VBE = 3.0 Vdc, Ic = 0) 


SMALL-SIGNAL DEVICES 
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MD3250,A,F,AF 
MD3251,A,F,AF 
MQ3251 


MD3250,A 
MD3251,A 
CASE 654-07, STYLE 1 


MD3250F,AF 
MD3251F,AF 
CASE 610A-04, STYLE 1 


Ma3251 | 
CASE 607-04, STYLE 1 


DUAL 
AMPLIFIER TRANSISTOR 


PNP SILICON 


MD3250, A, F,AF, MD3251, A F, AF, MQ3251 


Sey 


Characteristic 


ON eHARACIERETICSO) 
DC Current Gain 

(Ic = 10 wAdc, Vcg = 5.0 Vdc) MD3250,A,F,AF 

: 7 MD3251,A,F,AF 


(l¢ = 100 wAdc, VcE = 5.0 Vde) - MD3250,A,F,AF 
| MD3251,A,F,AF 
MQ3251 


(I¢ = 100 pAdc, Vce = 5.0 Vde, Ta = —55°C) MD3250,A,F,AF 


MD3251,A,F,AF 


(Ic = 1.0 mAdc, Vcg = 5.0 Vdc) MD3250,A,F,AF 
| MD3251,A,F,AF 
MQ3251 - 


(Ic = 10 mAdc, VcE = 5.0 Vdc) MD3250,A,F,AF 
: MD3251,A,F,AF 
Ma3251 


(Ic = 50 mAdc, VcE = 5.0 Vdc) MD3250,A,F,AF 
MD3251,A,F,AF 
Ma3251 


Collector-Emitter Saturation Voltage 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 
(I¢ = 50 mAdc, Ip = 5.0 mAdc) 


Base-Emitter Saturation Voltage 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 
(I¢ = 50 mAdc, Ip = 5.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 
(I¢ = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) MD3250,A,F,AF 


MD3251,A,F,AF 
MQ3251 


= Te fetel 
0. 18 

=Tetete " 
0.88 


Output Capacitance 
(VcB = 5.0 Vdc, IE = 0, f = 100 kHz) 


Input Capacitance 
(VBE = 1.0 Vde, Ic = 0, f = 100 kHz) 


MATCHING CHARACTERISTICS (MD3250,A,F,AF & MD3251,A,F,AF ONLY) 


DC Current Gain Ratio(3) 
(Ic = 100 wAde, Voge = 5.0 Vde) 
(I¢ = 1.0 mAdc, VcE = 5.0 Vdc) 


Base-Emitter Voltage Differential 
(Ic = 100 wAdc, VcE = 5.0 Vde) 
(I¢ = 10 wAdc, VcE = 5.0 Vdc) 

10 mAdc, Vcg = 5.0 Vdc) 


Base-Emitter Voltage Differential Change Due to Temperature 
(I¢ = 100 wAdc, VcE = 5.0 Vde, Ta = —55 to +25°C) 
(I¢ = 100 wAdc, VcE = 5.0 Vde, Ta = +25 to +125°C) 
(2) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. - 
(3) The lowest hfe reading is taken as hF¢ 7 for this ratio. 


hFe1/hFE2 


IVBE1-VBE2! 


A\VBE1/VBeE2l mVdc 
0.8 
1.0 
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MD3250,A4,F,AF, MD3251,A,F,AF, MQ3251 
FIGURE 1 — CAPACITANCE FIGURE 2 — CURRENT-GAIN BANDWIDTH PRODUCT 
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FIGURE 5 — DC CURRENT GAIN 
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MD3250,A,F,AF, MD3251,A,F,AF, MQ3251 


FIGURE 6 — “ON” VOLTAGE 
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Oy, TEMPERATURE COEFFICIENTS (mV/°C) 


FIGURE 8 — COLLECTOR SATURATION REGION 


FIGURE 7 — TEMPERATURE COEFFICIENTS 
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SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


MD3409 
MD3410 


Both Die 
Equal 


Total Device Dissipation @ Ta = 25°C 575 625 mW 
Derate above 25°C 3.29 3.57 mWw/°C 


Total Device Dissipation @ Tc = 25°C 1.8 2.5 Watts 
Derate above 25°C 10.3 14.3 mWw/°C 


Operating and Storage Junction TJ, Tstg —65 to +200 i 6 
Temperature Range 
THERMAL CHARACTERISTICS DUAL 


Both Die AMPLIFIER TRANSISTOR 
Characteristic Symbol| One Die  |Equal Power 

Thermal Resistance, Rec 97 70 NPN SILICON 

Junction to Case 
Thermal Resistance, Raja) 304 280 °C/W 

Junction to Ambient 

Junction to | Junction to 
Ambient Case 


(1) RejA is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


[SSC haractantic «Symbol in| tp |e | 
OFF CHARACTERISTICS 
[Coletor-Emiter Breskdown Voltage ig = 10uAde p= 0) | Vanco | 30 | — | — | vee 


Collector Cutoff Current (VcB = 50 Vdc, IE = 0) ICBO 10 nAdc 
(VcB = 50 Vdc, IE = 0, Ta = 150°C) 10 pAdc 
ae ae ee 


Emitter Cutoff Current (VpgE = 3.0 Vdc, Ic = 0) | eBo | 


hFE 
20 40 100 
40 60 160 
(I¢ = 10 mAdc, VcgE = 10 Vdc) Both Devices 200 


50 65 
Collector-Emitter Saturation Voltage (Ic = 10 mAdc, IR = 1.0 mAdc) VCE(sat) | — | oo9 | 015 | Vdc | 
Base-Emitter Saturation Voltage (Ic = 10 mAdc, lp = 1.0 mAdc) VBE(sat) | — [| o7 | 085 | Vde | 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 200 250 pe ane 
(I¢ = 20 mAdc, VcE = 20 Vdc, f = 100 MHz) 
| Output Capacitance (Vog = 10Vdele=O,f=1.0MHz2 | Cobo ~— | =O — | 35 | 80 | 
Input Capacitance (VpE = 0.5 Vdc, Ic = 0, f = 1.0 MHz) Cho | — | 1 | 2 | pF | 
MATCHING CHARACTERISTICS 


Base-Emitter Voltage Differential Change Due to Temperature \VBE1-VBE2! 
(I¢ = 100 wAdc, VcE = 10 Vdc, MD3409 


CASE 654-07, STYLE 1 


Refer to MD2218 for graphs. 


ON CHARACTERISTICS 


DC Current Gain(2) 


(I¢ = 10 wAdc, VcE = 10 Vdc) MD3410 
(lc = 100 wAdc, Vee = 10 Vdc) Both Devices 
(lc = 1.0 mAdc, Vcz = 10 Vdc) Both Devices 


Ta = —55°C to +25°C) MD3410 
(I¢ = 100 Adc, VcE = 10 Vdc, MD3409 
Ta = +25°C to + 125°C) MD3410 


(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MAXIMUM RATINGS 


[Collector Current — Continuous | _ Ic 


All Die 
One Die /|Equal Power 


Total Device Dissipation 
@ Tp = 25°C 


MD346/7,F 
MQ3467 


MD3467 
CASE 654-07, STYLE 1 


MD3467F 


CASE 610A-04, STYLE 1 MD3467 


MD3467F 
MQ3467 


——- 


MQ3467 
CASE 607-04, STYLE 1 


DUAL 
AMPLIFIER TRANSISTOR 


Derate above 25°C 
MD3467 
MD3467F 
MQ3467 


@ Tc = 25°C 


MD3467 
MD3467F 
MQ3467 


PNP SILICON Derate above 25°C 


MD3467 
MD3467F 
MQ3467 


Total Device Dissipation : 


THERMAL CHARACTERISTICS 


All Die 
Characteristic Symbol One Die Equal Power 
Thermal Resistance, Junction to Case Rg@Jc °C/W 
MD3467 83.3 58.3 
MD3467F 140 70 
MQ3467 175 43.8 
Thermal Resistance, Junction to Ambient RaJA(1) °C/W 
292 270 
500 438 
438 292 


Junction to Junction to 
Ambient Case 


MD3467 
MD3467F 
MQ3467 


Coupling Factors 
MD3467 
MD3467F 
MQ3467 (Q1-Q2) 

(Q1-Q3 or Q1-04) 


(1) RejJA is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO Vdc’ 
(I¢ = 10 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 40 Vdc 
(lc = 10 pAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(le = 10 wAdc, Ic = 0) 

Collector Cutoff Current ICBO 10 pAdc 
(Vcp = 30 Vdc, Ie = 0, Ta = 100°C) 
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MD3467,F, MQ3467 


ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 


| Characteristic | Symbol | Min | Typ [| Max | Unit _| 


ON CHARACTERISTICS 


DC Current Gain hFE 20 
(I¢ = 500 mAdc, Vcg = 1.0 Vdc) 
Collector-Emitter Saturation Voltage VCE(sat) ee ee ne 


(I¢ = 500 mAdc, IRB = 50 mAdc) 

Peemomeeme 
(Ic = 500 mAdc, Ip = 50 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain — Bandwidth Product 


(I¢ = 50 mAdc, Vcg = 10 Vdc, f = 100 MHz) 


Output Capacitance 
(VcB = 10 Vdc, IE = 0, f = 140 kHz) 


input Capacitance 
(VBE = 0.5 Vde, Ic = 0, f = 140 kHz) 
SWITCHING CHARACTERISTICS 
= Time (Voc = 30 Vdc, BE - = 2.0 Vdc, 
(Voc = 30 Vdc, I¢ = 500 mAde, 


Fall Time Ip1 = IB2 = 50 mAdc) 


(2) Pulse Test: ‘Pulgs Width < 300 us, Duty Cycle <= 2.0%. 
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FIGURE 5 — ACTIVE REGION SAFE OPERATING AREA 
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FIGURE 6 — TURN-ON TIME FIGURE 7 — RISE AND FALL TIME 
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FIGURE 10 — SWITCHING TIME TEST CIRCUIT | 


Ic = 500 mA +27.7V -30 V 


1p1= '!g2=50mA 


Rise Time <5 ns 
Pulse Width = 0.5 us 


= 99 
Duty Cycle = 2% 0.1nF] 3002 
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FIGURE 11 — CAPACITANCE 
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MOTOROLA SEMICONDUCTORS 


_ MAXIMUM RATINGS 


MD3725,F 
~ MQ3725 


MD3725 
CASE 654-07, STYLE 1 


MD3725F _ , 
CASE 610A-04, STYLE 1 I~ 


MQ3725 — eee 


CASE 607-04, STYLE 1° 


DUAL 
AMPLIFIER TRANSISTOR 


NPN SILICON 


Total Device Dissipation 
@ Ta = 25°C 
MD3725 
MD3725F 
MQ3725 


Derate above 25°C 


MD3725 
MD3725F 
MQ3725 


Total Device Dissipation 

@ Tc = 25°C 
MD3725 
MD3725F 
MQ3725 

Derate above 25°C 
MD3725 
MD3725F 
MQ3725 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case 
MD3725 
MD3725F 
MQ3725 


Thermal Resistance, Junction to Ambient RejA(1) 
MD3725 
MD3725F 
MQ3725 


Coupling Factor 


MD3725 

MD3725F 

MQ3725 (Q1-Q2) 
(Q1-Q3, 1-04) 


(1) Rega is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


a 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO Vdc 
(Ic = 10 mAdc, Ip = 0). 
Collector-Emitter Breakdown Voltage V(BR)CES Vde 
(Ic = 10 pwAdc, Veg = 0) MD3725F 
Collector-Base Breakdown Voltage V(BR)CBO Vde 
(I¢ = 100 pAdc, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(l— = 10 wAdc, Ic = 0) 
Collector Cutoff Current ICBO 
1.7 pAdc 
. 120 pAdc 


(VcB = 40 Vdc, Ie = 0) 
MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES © 


(Vcp = 40 Vdc, IE = 0, Ta = 100°C) 
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MD3765,F, MQ3725 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


[Characters «Symbol | in | ty | Me | Un 


ON CHARACTERISTICS(2) 


DC Current Gain 
(Ic = 100 mAdc, VcgE = 1.0 Vdc) 
(Ic = 500 mAdc, VcE = 2.0 Vdc) 


Collector-Emitter Saturation Voltage 
(I¢ = 100 mAdc, Ip = 10 mAdc) 
(I¢ = 500 mAdc, Ip = 50 mAdc) 
Base-Emitter Saturation Voltage 

(I¢ = 100 mAdc, ig = 10 mAdc) 
(Ic = 500 mAdc, Ip = 50 mAdc) 


150 
VCE(sat) oa a Vde 
0.30 0.45 
_ wlal=te|" 
0.86 


Current-Gain — Bandwidth Product 
(I¢ = 50 mAdc, Voce = 10 Vde, f = 100 MHz) 
Output Capacitance Cobo 
(VcB = 10 Vdc, lg = 0, f = 100 kHz) 
Input Capacitance Cibo 
(VBE = 0.5 Vdc, Ic = 0, f = 100 kHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Vcc = 30 Vde, Ic = 500 mAdc, Igy = 50 mAdc, VBE\(off) = 3.8 Vdc) 


Turn-Off Time 
(Vcc = 30 Vdc, Ic = 500 mAdc, Ip1 = IB2 = 50 mAdc) 


(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 


SMALL-SIGNAL CHARACTERISTICS 


TYPICAL DC CHARACTERISTICS 


FIGURE 1 — DC CURRENT GAIN FIGURE 2 — “ON” VOLTAGES 
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MD3765,F, MQ3725 


TYPICAL DYNAMIC CHARACTERISTICS 


FIGURE 5 — CURRENT-GAIN — BANDWIDTH PRODUCT 


a Vce = 10 Vdc 


f= 100 MHz 
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ft, CURRENT-GAIN-BANDWIDTH PRODUCT (MHz) 
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FIGURE 7 — TURN-ON TIME 
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FIGURE 9 — SWITCHING TIME TEST CIRCUIT 
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FIGURE 6 — CAPACITANCE 
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FIGURE 8 — TURN-OFF TIME 
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FIGURE 10 — COLLECTOR CUTOFF CURRENT 
1000 


N 
\ 


A 

ED 
wae 
100 ll 
ED DEE 
‘ EEA GEE EE 
a a 
10 ee eee | 
EE CD Ge 
ae Ge ee 
a ee eee 
10 ak ae eee 
. EEE GEMM GC 
GER! (EE GOR 
Se Ree See 
ol Soe Deeks Cae 
: i EE GE 
GS (Ee Ge 
ta el ae ae 
or a Gl ae Genet ee 


0 20 40 60 80 100 120 140 160 180 200 
Ty, JUNCTION TEMPERATURE (°C) 


MOTOROLA SEMICONDUCTORS 


5-78 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS fe ee 
MD3762,F 


MQ3762 


MD3762 
CASE 654-07, STYLE 1 


Total Device Dissipation 
@ Ta = 25°C 
MD3762 


MD3762F 
MQ3762 
Derate above 25°C 


MD3762F 
CASE 610A-04, STYLE 1S 


MD3762 
MD3762F 
MQ3762 


Total Device Dissipation 

@ Tc = 25°C 
MD3762 
MD3762F 
MQ3762 

Derate above 25°C 
MD3762 
MD3762F 
MQ3762 


Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 


Symbol 


Thermal Resistance, Junction to Case RgJc 

MD3762 83.3 

MD3762F 140 

MQ3762 175 ; 
Thermal Resistance, Junction to Ambient Reja(t) 

MD3762 292 

MD3762F 500 

MQ3762 438 292 


Coupling Factors 


MO3762 : 
CASE 607-04, STYLE 1 S 


DUAL 
AMPLIFIER TRANSISTOR 


PNP SILICON 


MD3762 

MD3762F 

MQ3762 (Q1-Q2) 
(Q1-Q3, Q1-04) 


(1) RajA is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


fF Characteristic | Symbol | Min | Typ | Max | Unit _| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO Vde 
(I¢ = 10 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(I¢ = 10 wAdce, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(l—E = 10 wAdc, Ic = 0) 


Collector Cutoff Current ICBO 
(VcB = 30 Vdc, IE = 0) nAdc 
pAdc 
Emitter Cutoff Current nAdc 
(VBE = 3.0 Vde, Ic = 0) 


(VcB = 30 Vdc, IE = 0, Ta = 100°C) 
SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MD3762,F, MQ3762 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


ee 


ON CHARACTERISTICS(2) 


DC Current Gain 
(I¢ = 1.0 Adc, Vce = 2.0 Vdc) 

Collector-Emitter Saturation Voltage VCE(sat) 
(I¢ = 1.0 Adc, IB = 0.1 Ade) 


Base-Emitter Saturation Voltage VBE(sat) 


(ic = 1.0 Ade, Ip = 0.1 Adc) 
_ SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product fT 
(Ic = 50 mAdc, VcE = 10 Vde, f = 100 MHz) 


Input Capacitance 
(VBE = 0.5 Vde, Ic = 0, f = 140 kHz) 
SWITCHING CHARACTERISTICS 
Delay Time 


(Vcc = 30 Vdc, VBE(off) = 2.0 Vdc, 
Rise Time Ic = 1.0 Adc, Ig7 = 100 mAdc) 


(Vec = 30 Vde, I¢ = 1.0 Adc, 
Fall Time IB1 = IB2 = 100 mAdc) 


(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
(3) f7 is defined as the frequency at which |h¢g| extrapolates to unity. 


Output Capacitance Cobo 
(VcB = 10 Vdc, IE = 0, f = 140 kHz) 


FIGURE 1 — DC CURRENT GAIN FIGURE 2 — COLLECTOR SATURATION REGION 
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MD3762,F, MQ3762 


OLLECTOR CURRENT (AMP) 


Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 6 — TURN-ON TIME 
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FIGURE 8 — STORAGE TIME 
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FIGURE 7 — RISE AND FALL TIME 
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MAXIMUM RATINGS 


12 
4.0 


MD4260 
MD4261 


_CASE 654-07, STYLE 1 


Pp SC*~*~C~‘“t*™S™S*SCS~*d One Bin | Both Die | 
Total Device Dissipation @ Ta = 25°C 550 600 mW 
Derate above 25°C 3.14 3.42 mWw/°C 
Total Device Dissipation @ Tc = 25°C 1.4 2.0 Watts 
Derate above 25°C 8.0 11.4 mw/°C 
Operating and Storage Junction TJ, Tstg -65 to +200 °C 
Temperature Range 
DUAL THERMAL CHARACTERISTICS 
RF AMPLIFIER 


PNP SILICON 


Thermal Resistance 
One Die 
Effective, Both Die 


Refer to 2N4260 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot__ | Min | Max | Unit 


Collector-Emitter Breakdown Voltage (Ic = 10 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage (Ic = 10 wAde, Ie = 0) 


ON CHARACTERISTICS 


DC Current Gain (Ic = 10 mAdc, Vcg = 1.0 Vdc) (Ig = 30 mAdc, Veg = 2.0 Vdc) 


Collector-Emitter Saturation Voltage (Ic = 10 mAdc, Ip = 1.0 mAdc) VCE(sat) 
Base-Emitter Saturation Voltage (Ic = 10 mAdc, Ip = 1.0 mAdc) VBE(sat) | o— | 40 | vdeo | 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product (Ic = 0.5 mAdc, Vcg = 4.0 Vde, f = 100 MHz) 
(I¢ = 10 mAdc, VcgE = 10 Vde, f = 100 MHz) 


Output Capacitance (Vcp = 3.0 Vde, IE = 0, f = 100 kHz) |. Cobo. | = | 28 | pe 
F 


OFF CHARACTERISTICS 


Input Capacitance (VBE = 0.5 Vdc, Ic = 0, f = 100 kHz) | Cibo | = | 25 |r 


Collector Base Time Constant (Ic = 5.0 mAdc, Vcg = 4.0 Vde, f = 31.8 MHz) rb’C> 
(I¢ = 10 mAdc, VcE = 10 Vde, f = 31.8 MHz) 


MATCHING CHARACTERISTICS (MD4261 only) 


DC Current Gain Ratio(1) | . hreq/hFe2 
(Ic = 10 mAdc, VcE = 1.0 Vde) 


Base-Emitter Voltage Differential IVBE1-VBE2! 10 mVdc 
(I¢ = 10 mAdc, VcE = 1.0 Vdc) 


(1) The lowest hfe reading is taken as hf¢} for this ratio. 
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MD5000,A,B 


CASE 654-07, STYLE 1 


MAXIMUM RATINGS 


Symbol | Value | Unit_ 
Collector-Emitter Voltage VCEO ere Wedel 
Collector-Base Voltage VcB0 Vde 


Emitter-Base Voltage 


DUAL 
AMPLIFIER TRANSISTOR 


PNP SILICON 
Total Device Dissipation @ Ta = 25°C 
Derate above 25°C mWw/°C 


Operating and Storage Junction Ty, Tstg —65 to +200 °C 
Temperature Range 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Pp haracteristic | Symbot_ | Min | Typ | Max | Unit 


OFF CHARACTERISTICS . 


Refer to 2N3307 for graphs. 


Collector-Base Breakdown Voltage (ic = 10 wAde, IE = 0) V(BR)CBO 
Emitter-Base Breakdown Voltage (If = 10 wAdc, Ic = 0) V(BR)EBO 


Collector Cutoff Current (Vcp = 15 Vdc, IE = 0) ICBO 
(Vcp = 15 Vde, Ie = 0, Ta = 150°C) 


ON CHARACTERISTICS 


Collector-Emitter Saturation Voltage (Ic = 10 mAdc, IR = 1.0 mAdc) VCE(sat) Fo o— | — | 04 | voce | 
Base-Emitter Saturation Voltage (Ic = 10 mAdc, Ip = 1.0 mAdc) VBE(sat) fF — | — | 10 | Vac | 


SMALL-SIGNAL CHARACTERISTICS 

Current-Gain — Bandwidth Product fT 
(Ic = 4.0 mAdc, VcgE = 10 Vdc, f = 100 MHz) 

Output Capacitance Cobo 1.7 
(VcB = 10 Vdc, IE = 0, f = 140 kHz) 

Input Capacitance Cibo 
(VBE = 0.5 Vdc, Ic = 0, f = 140 kHz) 


Noise Figure 
(I¢ = 1.0 mAde, VcE = 6.0 Vde, f = 60 MHz, Rg = 400 ohms) 


FUNCTIONAL TEST 


Amplifier Power Gain 
(Ic = 6.0 mAdc, Vcg = 12 Vdc, Rg = RL = 50 ohms, f = 200 MHz) 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio(1) hreq/hre2 
(I¢ = 4.0 mAdc, VcE = 10 Vdc) MD5000 
MD5000A 
MD5000B 


Base-Emitter Voltage Differential \VBE1-VBE2!I 
(Ic = 4.0 mAdc, VcE = 10 Vdc) MD5000 
MD5000A 
MD5000B 


Base-Emitter Voltage Differential Gradient A(VBE1-VBE2) 
(I¢ = 4.0 mAdc, VcE = 10 Vde, TA = —55 to + 125°C) MD5000 ATA 
MD5000A 
MD5000B 


(1) The lowest hfg reading is taken as hf¢ 7 for this ratio. 
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MAXIMUM RATINGS 


MD6001,F 

MD6003 | MD6002,F 

Rating Symbol |MD6003F/ MQ6001,2 
Collector-Emitter Voltage VCEO 30 Vde 


Collector-Base Voltage VCBO | 50 | 
Emitter-Base Voltage VEBO 


MD6001,F 
MD6002,F 
‘MD6003,F 
MQ6001, MQ6002 


MD6001 
MD6002 Br 
MD6003 | 
CASE 654-07, STYLE 5 
MD6001F 
MD6002F 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 


MD6001,2,3 
MD6003F MD6001F,2F,3F 
| MQ6001,2 
CASE 610A-04, STYLE 1 Derate above 25°C 
MQ6001 MD6001,2,3 
Ma6002 i s- MD6001F,2F,3F 


MQ6001,2 


CASE 607-04, STYLE 1 


COMPLEMENTARY DUAL Total Device Dissipation @ Tc 
GENERAL PURPOSE beeen Coca 
TRANSISTOR MOs001,. 
NPN/PNP SILICON Derate above 25°C 
MD6001,2,3 


MD6001F,2F,3F 


THERMAL CHARACTERISTICS 


. All Die 
Characteristic Symbol One Die Equal Power 


Thermal Resistance, Junction to Case R@Jc °C/W 
MD6001,2,3 . 97 70 
MD6001F,2F,3F 175 87.5 
| MQ6001,2 195 48.8 


Thermal Resistance, Junction to Ambient RajA(1) °C/W 


MD6001,2,3 
MD6001F,2F,3F 
MQ6001,2 


Coupling Factor 
7 MD6001,2,3 
MD6001F,2F,3F 
MQ6001,2 (Q1-Q2) 
(Q1-Q3 or Q1-Q4) 


(1) RaJA is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


[SSC haracteitio «dC Symbol | in| te |e 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO Vdc 

(I¢ = 10 mAdc, Ig = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 

(Ic = 10 wAde, IgE = 0) MD6003,F 

ae MD6001,F, MD6002,F, MQ6001, MQ6002 

Emitter-Base Breakdown Voltage . ; V(BR)EBO Vde 

(IE = 10 wAdc, Ic = 0) . 
“We 30 ¥ee¥ 7 --[-/2¢|™. 


(VcE = 30 Vdc, Vge = 3.0Vdc) = =‘ MD6003,F 
MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


(VcE = 50 Vde, Veg = 3.0 Vdc) MD6001,F,2,F, MQ6002,F 
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MD6001,F, MD6002,F, MD6003,F, MQ6001, MQ6002 


ELECTRICAL CHARACTERISTICS (continued) (Ta — 25°C unless otherwise noted.) 


Characteristic 


Collector Cutoff Current 


(VcE = 30 Vdc, VBE(off) = 3-0 Vdc) MD6003,F 
(VcE = 50 Vde, VeBioff) = 3.0 Vdc) MD6001,F,2,F, MQ6001,2 
(VceE = 50 Vdc, VeB(off) = 3.0 Vdc, MD6001,F,2,F, MQ6001,2 
Ta = 150°C) 
Collector Cutoff Current ICBO 
(VcB = 40 Vdc, Ig = 0) MD6003,F 


ON CHARACTERISTICS(2) 


DC Current Gain 
(I¢ = 0.1 mAdc, Vcg = 10 Vdc) MD6001,F, MQ6001 
MD6002,F, MQ6002 


(i¢ = 1.0 mAdc, Vcg = 10 Vdc) MD6001,F, MQ6001 
MD6003,F 
MQ6002,F, MQ6002 


10 mAdc, Vcg = 10 Vdc) MD6001,F, MQ6001 


MD6002,F, MQ6002 


(Ic 


150 mAdc, Vcg = 10 Vdc) MD6001,F, MQ6001 
MD6003,F 
MD6002,F, MQ6002 


(Ic 


300 mAdc, Vcg = 10 Vdc) MD6001,F, MQ6001 


All Other Devices 


(Ic 


10 Vdc) MD6001,F, MQ6001 
MD6002,F, MQ6002 


150 mAdc, VcE 


Collector-Emitter Saturation Voltage 
(IC = 150 mAdc, Ip = 15 mAdc) All Devices 
(I¢ = 300 mAdc, lB = 30 mAdc) MD6001, MD6002,F, MQ6002,1 


Base-Emitter Saturation Voltage 
(I¢ = 150 mAdc, Ip = 15 mAdc) All Devices 
(I¢ = 300 mAdc, Ip = 30 mAdc) MD6001, MD6002,F, MQ6001,2 


(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 


VCE(sat) 
VBE(sat) 


FIGURE 1 — DC CURRENT GAIN 
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MD6001,F, MD6002,F, MDG003,F, MQ6001, MQ6002 


NF, NOISE FIGURE (dB) 


“ON” VOLTAGE (VOLTS) 


ff, CURRENT-GAIN-BANDWIDTH PRODUCT-(MHz) 


FIGURE 2 — “ON” VOLTAGES 
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FIGURE 3 — TEMPERATURE COEFFICIENTS 
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FIGURE 6 — CURRENT-GAIN BANDWIDTH PRODUCT 
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FIGURE 7 — CAPACITANCE 
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FIGURE 8 — TURN ON TIME 
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FIGURE 11 — FALL TIME 
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MOTOROLA SEMICONDUCTORS 


MAXIMUM RATINGS 
| Collector-Emitter Voltage | Veeco | 8 
[Collector-Base Voltage | Ves | 
|Emitter-Base Voltage | Vepo | Oe 
[Collector Current—Continuous | ic | _—500_————| Ado | 
| OneDie | BothDie | | 
@ Ta = 25°C 


575 625 mW 

Derate above 25°C 3.29 3.57 mW/°C 
Total Device Dissipation | 

@ Tc = 25°C 1.8 2.5 Watts 

Derate above 25°C 10.3 14.3 mW/°C 

Operating and Storage Junction TJ, Tstg —65 to +200 Oem 
Temperature Range 

DUAL 


GENERAL PURPOSE THERMAL CHARACTERISTICS 


TRANSISTOR — ee 
Thermal Resistance, Junction to Case} R | ecw | 
en @iNGON 


Thermal Resistance, Junction to Re ra °C/W 
Ambient 
Junction to | Junction to 
a aerial 


Coupling Factor 


MD7000° 


CASE 654-07, STYLE 1 


Total Device Dissipation 


Refer to MD2218 for graphs. 


(1) Raja is measured with the device soldered into a — | circuit =— 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


[SSSSCaracteratlo «Syme | in| typ | ee | oe 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO Vdc 
(I¢ = 10 mAdc, Ig = 0) . 
Collector-Base Breakdown Voltage V(BR)CBO Vde 
(i¢ =, 10 wAdc, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(le = 10 wAde, Ic = 0) 
Collector Cutoff Current ICBO 100 nAdc 
(VcB = 40 Vdc, Ig = 0) 


ON CHARACTERISTICS 


DC Current Gain(2) hFE 
(Ic = 1.0 mAdc, VcE = 10 Vdc) 40 60 
(Ic = 150 mAdc, VcE = 10 Vdc) . 
(I¢ = 300 mAdc, VcE = 10 Vdc) 


Collector-Emitter Saturation Voltage . VCE(sat) 
(I¢ = 150 mAdc, Ip = 15 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 
(I¢ = 150 mAdc, IB = 15 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 20 mAdc, VcE = 20 Vde, f = 100 MHz) 


Output Capacitance 


(Vcg = 10 Vdc, IE = 0, f = 100 kHz) 


Input Capacitance 
(Veg = 2.0 Vdc, Ic = 0, f = 100 kHz) 


(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MAXIMUM RATINGS 


MD7001,F 
-MQ7001 


MD7001 
CASE 654-07, STYLE 1 


Total Device Dissipation @ Ta = 25°C 
MD7001 


MD7001F 


MQ7001 MD7001F 
Derate above 25°C CASE 610A-04, STYLE 1S 
MD7001 


MD7001F 
MQ7001 


Total Device Dissipation @ Tc = 25°C 
MD7001 
MD7001F 
MQ7001 
Derate above 25°C 
MD7001 
MD7001F 


MQ7001 : 


CASE 607-04, STYLE 1: ae 


DUAL 
AMPLIFIER TRANSISTOR 


PNP SILICON 


°C 


THERMAL CHARACTERISTICS 


All Die 
ee ee et 
Thermal Resistance, Junction to Case Rg@Jc °C/W 
MD7001 83.3 58.3 
MD7001F 140 70 
MQ7001 175 — 43.8 
Thermal Resistance, Junction to Ambient RgJA(1) °C/W 
MD7001 292 270 
MD7001F 500 438 
MQ7001 438 292 


Junction to Junction to 
Ambient Case 


Coupling Factor % 
MD7001 85 40 
MD7001F 75 0 
MQ7001 (Q1-Q2) 57 0 
(Q1-Q3 or Q1-04) 55 0 


(1) RejA is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


PO eharacteristie OT Symbot [min typ | Max [unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO Vde 
(I¢ = 10 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 10 wAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 10 wAdc, Ic = 0) 


Collector Cutoff Current | ICBO 100 nAdc 
(VcB = 40 Vdc, IE = 0) 
ON CHARACTERISTICS(2) 
DC Current Gain hFE — 
40 50 
(Ic = 150 mAdc, VcE = 10 Vdc) 70 90 
(I¢ = 300 mAdc, Vcg = 10 Vdc) 30 60 . 
Collector-Emitter Saturation Voltage VCE(sat) Vde 
(i¢ = 150 mAdc, lp = 15 mAdc) 


(Ic = 1.0 mAdc, Vcg = 10 Vdc) 
SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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_MD7001,F, MQ7001 


ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted. a 


Characteristic 


Base-Emitter Saturation Voltage 7 0.88 
(I¢ = 150 mAdc, Ig = 15 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(Ic = 20 mAdc, Vcg = 20 Vde, f = 100 MHz) 


Output Capacitance 


(Vcp = 10 Vdc, Ie = 0, f = 100 kHz) 


Input Capacitance 
(VBE = 2.0 Vdc, Ic = 0, f = 100 0 kHz) 


(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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OB a mete (Moh oe ok 


oe 


MAXIMUM RATINGS 


MD7002,A,B 


CASE 654-07, STYLE 1 


Total Device Dissipation 
@ Ta = 25°C 575 625 mW 
Derate above 25°C 3.29 3.57 mWw/°C 
Total Device Dissipation 
@ Tc = 25°C 1.8 2.5 . Watts 
Derate above 25°C 10.3 14.3 mW/°C 
Operating and Storage Junction TJ, Tstg —65 to +200 °C 
Temperature Range 
THERMAL CHARACTERISTICS 
; Both Die 
Characteristic One Die | Equal Power 
Thermal Resistance, R@JC 97 70 | °C/W 
Junction to Case . 
Thermal Resistance, ReJjA(1) 304 °C/W 
Junction to Ambient | 


Junction to | Junction to 
Ambient 


84 
(1) RajJA is measured with the device soldered into a typical printed circuit board. 


: DUAL 
AMPLIFIER TRANSISTOR 


NPN SILICON 


Refer to 2N2919 for graphs. 


Coupling Factors 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


[characteristic | Symbot_—| min (| typ | Mex | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) (Ic = 10 mAdc, Ig = 0) | Vericeo | 40 | — | — | vac | 
| Collector-Base Breakdown Voltage (lc = 10 uAdc le = 0) | Wiprycpo | 80 | ~~ | Vide 
Emitter-Base Breakdown Voltage (le = 10 wAdc, Ic = 0) | Werepo | 50 | — | — | Vde | 
Collector Cutoff Current (Vcp = 30 Vdc, IF = 0) 


ON CHARACTERISTICS 


DC Current Gain(2) (I¢ = 100 wAdc, VcE = 10 Vdc). hFE 

. (I¢ = 10 mAdc, Vcge = 10 Vdc) 
Collector-Emitter Saturation Voltage (I¢ = 10 mAdc, lp = 1.0 mAdc) VCE(sat) | — | 02 | 035 | Vde | 
Base-Emitter Saturation Voltage (Ic = 10 mAdc, Ip = 1.0 mAdc) VBE(sat) | — | o8 | 10 | Vde | 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(I¢ = 5.0 mAdc, VcE = 20 Vdc, f = 100 MHz) 


Output Capacitance 


(VcB = 10 Vdc, IE = 0, f = 100 kHz) | 


Input Capacitance 
(VBE = 2.0 Vdc, Ic = 0, f = 100 kHz) 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio(3) | . hee/hre2 
(Ic = 100 wAdc, VcE = 10 Vdc) ~ MD7002A 0.75 
MD7002B 0.85 
Base-Emitter Voltage Differential ~ |VBeE1-VBeEal 
(Ic = 100 pAde, Veg = 10 Vdc) MD7002A 25 mVde 
MD7002B 15 


(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
(3) The lowest hfe reading is taken as hfEq for this ratio. 
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AD ap iedtve BUSSE ed pelt hn ew a 


MAXIMUM RATINGS. . 


ee a 8 
-ColetorEmiter Vohage ___| Vogo | .__ a0 | ve 
| Collector-Base Voltage | VcBO | 
Sete EE ce PO 


MD7003,A,B,F,AF 
_MQ7003 


MD7003,A,B 
CASE 654-07, STYLE 1 


Lecsecenaeeansneiee Device Dissipation 


@ Ta = 25°C 
MD7003F,AF M7003. AB 
CASE 610A-04, STYLE 1 MD7003F,AF 
MQ7003 
Derate above 25°C 
MD7003,A,B 
MQ7003 : MD7003F,AF 
CASE 607-04, STYLE 1 MQ7003 
Total Device Dissipation 
@ Tc = 25°C 
DUAL MD7003,A,B 
AMPLIFIER TRANSISTOR MD7003F,AF 
MQ7003 
PNP SILICON Derate above 25°C 
. MD7003,A,B 
Refer to 2N3810 for curves. MD7003F,AF 


MQ7003 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case 
MD7003,A,B 
MD7003F,AF 
MQ7003 


Thermal Resistance, Junction to Ambient 
~ MD7003,A,B 
MD7003F,AF 
MQ7003 


Coupling Factor 
MD7003,A,B 
MD7003F,AF 
MQ7003 (Q1-Q2) 
(Q1-Q3 or Q1-04) 


(1) ReJA is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless ethenvies noted.) 


[SC haracteicto | Symbol | Min | typ | Mex | Un 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO Vdc 
(Ic = 10 mAdc, Ig = 0) 

Collector-Base Breakdown Voitage V(BR)CBO Vdc 

~ (I¢ = 10 pAdc, IE = 0) 
Emitter-Base Breakdown Voltage : V(BR)EBO Vdc 

(IE = 10 wAdc, Ic = 0) 

Collector Cutoff Current ~ IeBo nAdc 

(VcB = 30 Vdc, Ig = 0) . 


ON CHARACTERISTICS 


DC Current Gain(2) 


(ic = 100 pAde, VcE = 10 Vdc) 


(i¢ = 10 mAdc, VcgE = 10 Vdc) 
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MD7003,A,B,F,AF, MQ7003 


ELECTRICAL CHARACTERISTICS (continued) (Tq = 25°C unless otherwise noted.) 


Symbol | Min _| | Max _| 
Collector-Emitter Saturation Voltage VCE (sat) 0.25 Vde 
(I¢ = 10 mAdc, lB = 1.0 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 

(I¢ = 10 mAdc, lp = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(i¢ = 5.0 mAdc, VcE = 20 Vdc, f = 100 MHz) 


Output Capacitance 
(VcB = 10 Vdc, I— =0, f = 100 kHz) 


Input Capacitance 
(VBE = 2.0 Vde, Ic = 0, f = 100 kHz) 


Noise Figure 
(I¢ = 100 wAdc, Vcg = 10 Vde, Rs = 3.0 kohms, 
f = 10 Hz to 15.7 kHz) 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio(3) 
(I¢ = 100 wAdc, VcE = 10 Vdc) MD7003A,AF 
MD7003B 


Base-Emitter Voltage Differential 
(i¢ = 100 pAdc, VcE = 10 Vdc) MD7003A,AF 
MD7003B 


(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
(3) The lowest hfg reading is taken as hf¢q for this ratio. 
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i te tae BI AES Ph AS tea ane ne Batn tS trator tan. 


eat 


MAXIMUM RATINGS 


MD7007,A,B,F,BF 
MQ7007 


MD7007,A,B 
CASE 654-07, STYLE 1 


Total Device Dissipation 

@ Ta = 25°C 
MD7007,A,B 
MD7007F,BF 
MQ7007 

Derate above 25°C 
MD7007,A,B 
MD7007F,BF 
MQ7007 


Total Device Dissipation 

@ Tc = 25°C 
MD7007,A,B 
MD7007F,BF 
MQ7007 

Derate above 25°C 
MD7007,A,B 
MD7007F,BF 
MQ7007 


MD7007F,BF 


CASE 610A-04, STYLE 1 SS 


MQ7007 
CASE 607-04, STYLE 1 


DUAL 
AMPLIFIER TRANSISTOR 


PNP SILICON 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case 
MD7007,A,B 70 
MD7007F,BF 87.5 
MQ7007 48.8 


Thermal Resistance, Junction to Ambient Real) 
MD7007,A,B 280 
MD7007F,BF 438 
MQ7007 292 


Junction to Junction to 
Ambient Case 
% 
MD7007,A,B 4 
MD7007F,BF 


0 
MQ7007 (Q1-Q2) 0 
(Q1-Q2 or Q1-04) 0 


(1) Raja is measured with the device soldered into a typical printed circuit board. 


Coupling Factors 


ELECTRICAL CHARACTERISTICS Ns = 25°C unless otherwise noted.) 


aiaecinent —~-aaeaeannetal eM MALS 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO Vde 
(I¢ = 10 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 10 wAdc, IE = 0) | 
Emitter-Base Breakdown Voltage V(BR)EBO “Vde 
(I—E = 10 wAdc, Ic = 0) 
Collector Cutoff Current ICBO nAdc 
(VcB = 30 Vdc, IE = 0) 


ON CHARACTERISTICS(2) 
DC Current Gain 


(Ic = 100 pAdc, VcE = 10 Vdc) 
(Ic = 1.0 mAdc, Vcge = 10 Vdc) 


(ic = 10 mAdc, VcE = 10 Vdc) 
(ic = 50 mAde, VcE = 10 Vdc) 
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MD7007,A,B,F,BF, MQ7007 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Symbol 
_ Collector-Emitter Saturation Voltage VCE(sat) 
(I¢ = 50 mAdc, Ip = 5.0 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) 
(I¢ = 50 mAdc, Ip = 5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product(2) fT 300 
(I¢ = 10 mAdc, Vce = 10 Vde, f = 100 MHz) 
Output Capacitance Cobo 
(Vcg = 10 Vdc, Ie = 0, f = 100 kHz) 
Input Capacitance 
(VBE = 2.0 Vdc, Ic = 0, f = 100 kHz) 
hFes/hFe2 
0.75 
0.85 


MATCHING CHARACTERISTICS 
\VBE1-VBEa2l. = 


DC Current Gain Ratio(3) 
(I¢ = 1.0 mAdc, Veg = 10 Vdc) MD7007A 
MD7007B 


Base-Emitter Voltage Differential 
(Ic = 1.0 mAdc, VcgE = 10 Vdc) MD7007A 
MD7007B 


(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
(3) The lowest hrg¢ reading is taken as hFEq for this ratio. 
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\ 
| 
| 
| 
i 
' 
| 


MAXIMUM RATINGS 


a 
[olecoreminer otege | Voeo | —a0—S~S*d*~S 
[colectorBase Vottage ——~«(' Vcsg | Odo 
a C1 re a 


All Die : 
One Die | Equal Power 


MD7/021,F 
MQ7021 


MD7021 
CASE 654-07, STYLE 5 


censor Device Dissipation 
@ Tp = 25°C 
MD7021 
MD7021F 
MQ7021 
Derate above 25°C 
MD7021 
MD7021F 
MQ7021 


Total Device Dissipation 
@ Tc = 25°C 
MD7021 
MD7021F 
MQ7021 
Derate above 25°C 
MD7021 
MD7021F 
MQ7021 


MD7021F 
CASE 610A-04, STYLE 1S 


MQ7021 


CASE 607-04, STYLE 1 ge 


COMPLEMENTARY 
GENERAL PURPOSE TRANSISTOR 


NPN/PNP SILICON 


THERMAL CHARACTERISTICS _ 


All Die 
Characteristic Symbol One Die Equal Power 


Thermal Resistance, Junction to Case Rec 
MD7021 87.5 
. MD7021F 125 
MaqQ7021 62.6 


Thermal Resistance, Junction to Ambient RgJjal(1) 


MD7021 
MD7021F 
MQ7021 


319 292 
500 438 
438 


Coupling Factor 
MD7021 
MD7021F 
MQ7021 (Q1-Q2) 
(Q1-Q3 or Q1-04) 


(1) Resa is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


[SSC haracteristic SS *Symbot | Min | tp Mor | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO Vde 
(I¢ = 10 mAdc, Ip = 0) . 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(I¢ = 10 Adc, Ie = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 10 pAdc, Ic = 0) 
Collector Cutoff Current ICBO nAdc 
(VcB = 30 Vdc, Ie = 0) 


ON CHARACTERISTICS 


| DC Current Gain 


(ic = 100 pAdc, VcE = 10 Vdc) 


(I¢ = 10 mAdc, VcgE = 10 Vdc) 
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MD7021,F, MQ7021 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


[Characteristic *SSymbol | Min 
Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 10 mAdc, Ip = 1.0 mAdc)(2) 
Base-Emitter Saturation Voltage VBE(sat) 
(Ic = 10 mAdc, Ip = 1.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 5.0 mAdc, Vcg = 20 Vdc, f = 100 MHz) 


Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 


Input Capacitance 
(VBE = 2.0 Vdc, Ic = 0, f = 100 kHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Vcc = 30 Vdc, VBE(off) = 0.5 Vde, Ic = 150 mAdc, lpi = 15 Adc) 


Turn-Off Time 
(Vcc = 30 Vdc, Ic = 150 mAdc, Ip1 = Ip2 = 15 mAdc) 


(2) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 
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hen om Ra ROO Re 


MAXIMUM RATINGS 


MDSs001 
MD8002 
MD8003 


Collector-Emitter Voltage 
MD8001 
MDs8002 
MD8003 


Collector Current — Continuous re ae RT 
Both Die 
One Die | Equal Power 

Total Device Dissipation 

@ Ta = 25°C 575 625 

Derate above 25°C 3.29 3.57 Wie 
Total Device Dissipation 

@ Tc = 25°C Watts 

Derate above 25°C mWw/°C 

Operating and Storage Junction Ty, Tstg —65 to +200 

Temperature Range 


DUAL THERMAL CHARACTERISTICS 
AMPLIFIER TRANSISTOR | 


NPN SILICON 


CASE 654-07, STYLE 1 


Both Die 
One Die | Equal Power 
Characteristic Max Max 
Thermal Resistance, Ra@Jc 97 70 °C/W 
Junction to Case 


Refer to 2N2920 for graphs. 
Thermal Resistance, ReJA(1) °C/W 
Junction to Ambient 
Junction to | Junction to 
Ambient Case 


(1) Raja is measured with the device soldered into a typical printed circuit board. 


Coupling Factor 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


p Characteristic | Symbol | Min | Typ | Mex | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
(I¢ = 10 mAdc, Ip = 0) MDs8001 
MD8002 


V(BR)CEO Vde 
40 
50 
MD8003 60 


Collector Cutoff Current ICBO nAdc 
(VcB = 40 Vdc, IE = 0) 
Emitter Cutoff Current nAdc 
(VER = 4.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain hfe 100 
(I¢ = 1.0 mAdc, VcE = 10 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(Ic = 5.0 mAdc, VcE = 10 Vde, f = 100 MHz) 
Output Capacitance ons 
(Vcp = 10 Vdc, IE = 0, f = 100 kHz) 
input Capacitance Cibo 
(VBE = 2.0 Vde, Ic = 0, f = 100 kHz) 


MATCHING CHARACTERISTICS 


Base-Emitter Voltage Differential \VBE1-VBEQl ~ mVde 
(I¢ = 1.0 mAdc, Veg = 10 Vdc) 


(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MHQ918 


CASE 632-02, STYLE 1 
TO-116 


MAXIMUM RATINGS 


Each Total 
Transistor Device 
0.65 1.9 Watts 
3.72 10.88 mWwW/°C 
@ Tc = 25°C 


1.3 Watts 
Derate above 25°C 7.43 mW/°C 
Operating and Storage Junction TJ, Tstg —65 to +200 °C 
Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | Typ | Max | Unit _| 
OFF CHARACTERISTICS | | 


Total Device Dissipation 
@ Tp = 25°C 
Derate above 25°C 


AMPLIFIER TRANSISTOR 


NPN SILICON 


Total Device Dissipation 


Refer to MD918 for graphs. 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO — Vde 
(I¢ = 3.0 mAdc, Ip = 0) . 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 1.0 wAdce, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(lz = 10 wAdc, Ic = 0) | 
Collector Cutoff Current ICBO nAdc 
(VcB = 15 Vdc, IE = 0) | 
ON CHARACTERISTICS(1) 
DC Current Gain 
(I¢ = 0.1 mAdc, VcgE = 1.0 Vdc) 110 
(Ic = 3.0 mAdc, Vcg = 1.0 Vdc) 80 
(I¢ = 10 mAdc, Veg = 1.0 Vdc) 50 
Collector-Emitter Saturation Voltage VCE(sat) 0.11 Vde 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) 0.84 Vdc 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 
(I¢ = 4.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 
Output Capacitance © 
(VcB = 10 Vdc, IE = 0, f = 140 kHz) - 
Input Capacitance 
(VBE = 0.5 Vdc, Ic = 0, f = 140 kHz) 


Noise Figure 
(I¢ = 1.0 mAdc, VcE = 6.0 Vde, Rg = 400 Ohms, f = 60 MHz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle = 2.0%. 
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MHQ2221 
MHQ2222 | 
MPQ2221* 

MPQ2222* MAXIMUM RATINGS 


Rating 


MHQ2221 ll 
MHQ2222 -. 

CASE 632-02, STYLE 1 
TO-116 


MPQ2221 anil 
MPO2222 «. 
CASE 646, STYLE 1 


QUAD 
GENERAL PURPOSE TRANSISTOR 


NPN SILICON 
Refer to MD2218 for graphs. 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) (I¢ = 10 mAdc, Ip = 0) 


20 - 
30 
_ eer ~ 
VBE(sat) ‘ Vde 
2.6 


Total Device Dissipation 
@ Tap = 25°C 
Derate above 25°C 
MHQ2221, MHQ2222 
MPQ2221, MPQ2222 


Operating and Storage Junction 
Temperature Range MHQ2221,22 ~65 to +200 
MPQ2221,22 —55 to +150 


Collector-Base Breakdown Voltage (Ic = 10 wAde, IE = 0) V(BR)CBO 
Emitter-Base Breakdown Voltage (l- = 10 wAdc, Ic = 0) V(BR)EBO 


Collector Cutoff Current (Vcp = 50 Vdc, IE = 0) ICBO jis eed 
Emitter Cutoff Current (VgE = 3.0 Vdc, Ic = 0) | leBo | 


~ ON CHARACTERISTICS 


DC Current Gain(1) 
(I¢ = 10 mAde, VcgE = 10 Vdc) MHQ2221, MPQ2221 
MHQ2222, MPQ2222 


hFE 


(I¢ = 150 mAdc, VcE 


10 Vdc) MHQ2221, MPQ2221 
MHQ2222, MPQ2222 


(I¢ = 300 mAdc, VcE 


10 Vdc) MHQ2221, MPQ2221 
MHQ2222, MPQ2222 


Collector-Emitter Saturation Voltage 
(Ic = 150 mAdc, IB = 15 mAdc) 
(I¢ = 300 mAdc, Ip = 30 mAdc) 


Base-Emitter Saturation Voltage 
(Ic = 150 mAdc, Ip = 15 mAdc) 
(Ic = 300 mAdc, Ip = 30 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(1) 

(Ic = 20 mAde, Vcg = 20 Vdc, f = 100 MHz) 
Output Capacitance 

(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 
Input Capacitance 

(VBE = 0.5 Vdc, Ic = 0, f = 100 kHz) 
SWITCHING CHARACTERISTICS 
Turn-On Time 


(Vcc = 30 Vdc, VgE(off) = 0.5 Vde, 
Ic = 150 mAdc, Ip_, = 15 mAdc) 


Turn-Off Time 
(Vcc = 30 Vdc, Ic = 150 mAdc, 
IB1 = IB2 = 15 mAdc) 


(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 
*MPQ2221A and MPQ2222A also available. 
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MHQ2221, MHQ2222, MPQ2221, MPQ2222 


FIGURE 1 - DELAY AND RISE TIME 
EQUIVALENT TEST CIRCUIT 


GENERATOR RISE TIME < 2.0 ns 
PW < 200 ns 


DUTY CYCLE = 2.0% TOU 
200 
99V 619 
0 nee aeerees — 
ay SCOPE 
= Rin > 100 k ohins 


RISE TIME < 5.0 ns 


FIGURE 2 — STORAGE TIME AND FALL 
TIME EQUIVALENT TEST CIRCUIT 


DUTY CYCLE = 2.0% +30 V 


= 100 ps 
<< 5.0 ts 200 
+16.2V 


SCOPE 

Rin > 100 k ohms 
Cin S 12 pF 

RISE TIME < 5.0 ns 


SMALL-SIGNAL DEVICES 
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MHQ2369 
MPQ2369° 


MHQ2369 
CASE 632-02, STYLE 1 


ait 


‘MAXIMUM RATINGS 


MPQ2369 
CASE 646-05, STYLE 1 
TO-116 


Total 


Device 


Total Device Dissipation 
@ Ta = 25°C 
Derate above 25°C MHQ2369 
MPQ2369 


Operating and Storage Junction 
Temperature Range MHQ2369 —65 to +200 
MPQ2369 —55 to +125 


1 
QUAD 


SWITCHING TRANSISTOR 
NPN SILICON 


Refer to MD2369 for graphs. 
ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) (Ic = 10 mAdc, Ig = 0) 


Collector-Base Breakdown Voltage (Ic = 10 wAdc, IE = 0) 
| Emitter-Base Breakdown Voltage (lz = 10 wAdc, Ic = 0) 

Collector Cutoff Current (VcpB = 20 Vdc, IF = 0) 

Emitter Cutoff Current (VpE = 3.0 Vdc, Ic = 0) 

ON CHARACTERISTICS 


DC Current Gain(1) (Ic = 10 mAdc, VcgE = 1.0 Vdc) 40 
(I¢ = 100 mAdc, Vce = 2.0 Vdc) 20 
Collector-Emitter Saturation Voltage (Ic = 10 mAdc, Ip = 1.0 mAdc) VCE(sat) 


hFE 
Base-Emitter Saturation Voltage (Ic = 10 mAdc, ip = 1.0 mAdc) VBE(sat) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 10 mAdc, Vcg = 10 Vdc, f = 100 MHz) 


Output Capacitance 
(VcB = 5.0 Vdc, Ie = 0, f = 140 kHz) 


Input Capacitance 
(VBE = 0.5 Vde, Ic = 0, f = 140 kHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Vcc = 3.0 Vdc, Vee = 1.5 Vde, Ic = 10 mAdc, Igy = 3.0 mAdc) 


Turn-Off Time ; 
(Vcc = 3.0 Vdc, I¢ = 10 mAdc, Ip; = 3.0 mAdc, Ip2 = 1.5 mAdc) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle = 2.0%. 
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MAXIMUM RATINGS 


: 


Total Device Dissipation 
@ Ta = 25°C 
Derate above 25°C 
Total Device Dissipation 
@ Tc = 25°C 
Derate above 25°C 


CT —sRating «(Symbol Vato dC 


Transistor 


0.6 1.8 
3.42 10.3 mWw/°C 
1.2 4.2 
6.85 24 mWw/°C 
Operating and Storage Junction Ty, Tstg —65 to +200 °C 
Temperature Range 


MH02483 
MHO2484 


CASE 632-02, STYLE 1 


AMPLIFIER TRANSISTOR 


NPN SILICON 


Refer to 2N2919 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


| Symbot_ | Min [typ | Max [unit _| 


Collector-Emitter Breakdown Voltage 
(I¢ = 10 mAdc, Ip = 0) 


Collector-Base Breakdown Voltage 
(I¢ = 10 pAde, IE = 0) 


Emitter-Base Breakdown Voltage 
(IE = 10 wAdc, Ic = 0) 


Collector Cutoff Current 
(VcB = 45 Vdc, IE = 0) 


Emitter Cutoff Current 
(VBE = 3.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 0.1 mAdc, VcE 


5.0 Vdc) 


(I¢ = 1.0 mAdc, VcE = 5.0 Vdc) 


(Ic = 10 mAdc, VcE = 5.0 Vdc) 


Collector-Emitter Saturation Voltage 
(I¢ = 1.0 mAdc, Ip = 0.1 mAdc) 
(I¢ = 10 mAdc, IB = 1.0 mAdc) 


Base-Emitter On Voltage 
(I¢ = 100 wAdc, Vce = 5.0 Vdc) 
(Ic = 10 mAdc, Vce = 5.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Input Capacitance 
(VBE = 0.5 Vdc, Ic = 0, f = 100 kHz) 


Collector-Base Capacitance 


(Vcp = 5.0 Vdc, Ip = 0, f = 100 kHz) 


Noise Figure 
(I¢ = 10 wAdc, Vcge = 5.0 Vdc, Rg = 10 kohms, 
f = 10 Hz to 15.7 kHz, BW = 10 kHz) 


SMALL-SIGNAL DEVICES 


Vdc 


Load ait ol el 
Ll ll Mal lal 
Keel All al el aol 
Ve ell Wil Bo acl 
6 Nell Riel 


MHQ2483 
MHQ2484 


MHQ2483 
MHQ2484 


MHQ2483 
MHQ2484 


MHQ2483 
MHQ2484 
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MHQ2906 
MHQ2907 
MPQ2906* 
MPQ2907* 


MHQ2906, MHO2907 
CASE 632-02, STYLE 1 


MAXIMUM RATINGS 
Rating 


or 


MPQ2906 
MPQ2907 
CASE 646-05, STYLE 1 
TO-116 


Each Total 
Transistor Device 


QUAD 
GENERAL PURPOSE 
TRANSISTOR 


PNP SILICON 
Refer to MD2904 for graphs. 


Total Device Dissipation 0.65 1.9 Watts 
@ Ta = 25°C 
Derate above 25°C MHQ2906, 
MHQ2907 3.7 10.88 mW/°C 
MPQ2906, 
MPQ2907 6.5 19 


Operating and Storage Junction i 
Temperature Range MHQ2906,07 —65 to +200 
MPQ2906,07 -—55 to +125 


ELECTRICAL CHARACTERISTICS (Ty = 25°C unless otherwise noted.) 


Characteristic | Symbot_| Min | Typ | Max [Unit _ 


Collector-Emitter Breakdown Voltage(1) (Ic = 10 mAdc, Ip = 0) | wprjceo | 40 | — | — |. Vac | 
Collector-Base Breakdown Voltage (Ic = 10 wAdc, IE = 0) | werjcpo | 60 | — | — | vac | 
Emitter-Base Breakdown Voltage (Iz = 10 uAdc, Ic = 0) | werepo | 50 | — | — | vac |. 
[Collector Cutoff Current Veg = 30Vde'e=0) | tego | | | 80 nae 

[Emitter Cutoff Current (Vep = 30Vdele=0) =| ep | | 0nd 


ON CHARACTERISTICS 


DC Current Gain(1) 
(I¢ = 10 mAdc, VcgE = 10 Vdc) MHQ2906, MPQ2906 
MHQ2907, MPQ2907 
(Ic = 150 mAdc, Vcg = 10 Vdc) MHQ2906, MPQ2906 
MHQ2907, MPQ2907 | 
(I¢ = 300 mAdc, Vcge = 10 Vdc) MHQ2906, MPQ2906 
MHQ2907, MPQ2907 
| | | Vde 


Collector-Emitter Saturation Voltage(1) VCE(sat) 
(i¢ = 150 mAdc, Ip = 15 mAdc) 0.4 
(I¢ = 300 mAdc, Ip = 30 mAdc) 1.6 
Base-Emitter Saturation Voltage(1) a VBE(sat) 
(Ic = 150 mAdc, Ip = 15 mAdc) 1.3 
(Ic = 300 mAdc, Ip = 30 mAdc) 


OFF CHARACTERISTICS 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 50 mAdc, VcE = 20 Vdc, f = 100 MHz) 


Output Capacitance 
(VcB = 10 Vde, IE = 0, f = 100 kHz) 


Input Capacitance 
(VBE = 2.0 Vdc, Ic = 0, f = 100 kHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Vcc = 30 Vdc, Ic = 150 mAdc, Ip, = 15 mAdc) _ 


Turn-Off Time 
(Vcc = 6.0 Vde, Ic = 150 mAde, Igy = Ip2 = 15 mAdc) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle = 2.0%. 
*MPQ2906A and MPQ2907A also available. 
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MHQ2906, MHQ2907, MPQ2906, MPQ2907 


FIGURE 1 — DELAY AND RISE 
TIME TEST CIRCUIT 


INPUT 

Zo = 502 

PRF = 150 PPS 
RISE TIME <2.0 ns 


TO OSCILLOSCOPE 
RISE TIME < 5.0 ns 


-16V 


ink 
ei Fe 


FIGURE 2 — STORAGE AND FALL 
TIME TEST CIRCUIT 


+15 V -6.0 


INPUT 

20 25022 

PRF = 150 PPS 
RISE TIME < 2.0 us 


TO OSCILLOSCOPE 
RISE TIME < 5.0 ns 
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MHQ3467 


MAXIMUM RATINGS . 
Rating —*(Symbot] Vato ———*d ne 
collector Base Votage ~(| Veo | a0 —*d Ce 
[EmiterBase Votage -+| Veg | 50 —*d:Ce 
[collector Current — Continuous [Ig [10 —*Y Ade 


Each Total 
Transistor Device 
Total Device Dissipation 
@ Ta = 25°C 0.9 2.7 Watts |. 
Derate above 25°C 5.14 15.4 mWw/°C 
Total Device Dissipation 
@ Tc = 25°C 1.8 Watts 
Derate above 25°C 10.3 mW/°C 
Operating and Storage Junction TJ, Tstg —55 to +200 
Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(I¢ = 10 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage V(BR)CBO 
(ic = 10 wAde, Ip = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 
(le = 10 pAdc, Ic = 0) 
Collector Cutoff Current ICBO nAdc 
(Veg = 30 Vdc, Ig = 0) 


CASE 632-02, STYLE 1 
— TO-116 


MEMORY DRIVER TRANSISTOR 


PNP SILICON 


Refer to MD3467 for graphs. 


Emitter Cutoff Current 
(VBE = 3.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain(1) NFE 
(I¢ = 500 mAdc, VcE = 1.0 Vdc) 
Collector-Emitter Saturation Voltage(1) VCE(sat) 0.23 Vdc 
(I¢ = 500 mAdc, Ip = 50 mAdc) 
Base-Emitter Saturation Voltage(1) VBE(sat) 1.2 Vde 
(I¢ = 500 mAdc, Ip = 50 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(1) 
(Ic = 50 mAdc, Vcg = 10 Vdc, f = 100 MHz) 


Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 


Input Capacitance 
(VBE = 0.5 Vdc, Ic = 0, f = 100 kHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(I¢ = 500 mAdc, Ip1 = 50 mAdc) 


Turn-Off Time 
(I¢ = 500 mAdc, Ip1 = Ip2 = 50 mAdc) 


(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 
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MHQ3546 
MPQ3546 


_ MHQ3546 
CASE 632-02, STYLE 1 


MAXIMUM RATINGS 
Rating 


MPQ3546 
CASE 646-05, STYLE 1 


Total Device Dissipation 
@ Ta = 25°C 
Derate above 25°C MHQ3546 
MPQ3546 


i] 
QUAD 


SWITCHING TRANSISTOR 
PNP SILICON 


Operating and Storage 
Junction MHQ3546 —65 to +200 
Temperature Range MPQ3546 ~55 to + 150 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS a 
Collector-Emitter Breakdown Voltage(1) (Ic = 10 mAdc, Ip = 0) V(BR)CEO | oz | — | — | vac | 
Emitter-Base Breakdown Voltage (IE = 10 Adc, Ic = 0) V(BR)EBO ee ee ee Vde 
Collector Cutoff Current (Vcp = 10 Vdc, IE = 0) ICBO po ee co | 
Emitter Cutoff Current (VBE = 3.0 Vde, I¢ = 0) ns ee ee ee 
DC Current Gain(1) hFE 
(I¢ = 10 mAdc, VcE = 1.0 Vdc) 
(l¢ = 100 mAdc, VcgE = 1.0 Vdc) 
Base-Emitter Saturation Voltage VBE(sat) Vdc 
(I¢ = 10 mAdce, Ip = 1.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product(1) 
Output Capacitance 
(VcB = 10 Vde, IE = 0, f = 1.0 MHz) 
Input Capacitance 
SWITCHING CHARACTERISTICS 
Turn-On Time 
(Vcc = 2.0 Vdc, VBE(off) = 3.0 Vdc, 


Collector-Base Breakdown Voltage (Ic = 10 wAdc, IE = 0) | Werjcao | 15 «|: 6 — | SO Ve 
ON CHARACTERISTICS 
Collector-Emitter Saturation Voltage So ee ee ae ee 
(I¢ = 10 mAdc, Ig = 1.0 mAdc) 
(I¢ = 10 mAdc, VcgE = 10 Vde, f = 100 MHz) 
(VBE = 0.5 Vde, Ic = 0, f = 1.0 MHz) 
Ic = 30 mAdc, Ip, = 1.5 mAdc) 


Turn-Off Time 
(Vcc = 2.0 Vdc, ic = 30 mAdc, 
lpi = IB2 = 1.5 mAdc) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MHQ3798° 
-MHQ3799 — 


MAXIMUM RATINGS 


| Rating | Symbol| mHaa7e8 | mHa3799 | Unit 
| Collector-Emitter Voltage | Vceo | 40 | 60 | (Ve 
| Collector-Base Voltage | Vewo | | (Ve 
-Eniter Seve Vologe ——___}Yepo] 2 | ee 

| Collector Current — Continuous _| Current — Continuous Pic | 80 | made | 


Each Total 
Transistor Device 
Total Device Dissipation Watts 
@ Ta = 25°C 05 | 1.5 mW/°C 
Derate above 25°C 2.86 8.58 
‘Total Device Dissipation Watts 
@ Tc = 25°C 1.0 mW/°C 
Derate above 25°C 5.71 
Operating and Storage Junction Ty, a. Tata —65 to +200 
Temperature Range 
Refer to 2N3810 for graphs. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


CASE ee STYLE 1 


AMPLIFIER TRANSISTOR 


PNP SILICON 


po haracteristic | Symbot | Min’ | typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) . 
(Ic = 10 mAdc, lg = 0) MHQ3798 


V(BR)CEO 
MHQ3799 


Collector-Base Breakdown Voltage (ic = 10 wAdc, IE = 0) V(BR)CBO 2 


Emitter-Base Breakdown Voltage (lp = 10 wAdc, Ic = 0) V(BR)EBO 


Collector Cutoff Current (Vcp = 50 Vdc, Ie = 0) ICBO Pe sgeen 


Emitter Cutoff Current (VpE = 3.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 
DC Current Gain(1) 

a ie. 

VBE(sat) | 

0.7 

0.8 


(ic = 10 wAdc, VcE = 5.0 Vdc) MHQ3798 
MHQ3799 


5.0 Vdc) MHQ3798 
MHQ3799 


(I¢ = 100 wAdc, VcE 


(Ic = 500 pAde, Veg = 5.0 Vde) MHO3798 


MHQ3799 


(ic = 10 mAdc, Vcg = 5.0 Vdc) MHO3798 
MHQ3799 


Collector-Emitter Saturation Voltage 
(i¢ = 100 Adc, Ip = 10 wAdc) 
(ic = 1.0 mAdc, Ip = 100 wAdc) 
Base-Emitter Saturation Voltage 
(ic = 100 wAdc, Ip = 10 wAdc) 
(I¢ = 1.0 mAdc, Ip = 100 pAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 1.0 mAdc, VcE = 5.0 Vde, f = 100 MHz) 


Output Capacitance 
(VcB = 5.0 Vde, IE = 0, f = 100 kHz) 


Input Capacitance 
(VBE = 0.5 Vdc, Ic = 0, f = 100 kHz) 


Noise Figure 
(Ic = 100 wAdc, VcE = 10 Vdc, Rs = 3.0 kohms, MHQ3798 
= 10 Hz to 15.7 kHz) MHQ3799 


’ (1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MAXIMUM RATINGS : M HQ400 1A 


[Rating [Symbol | wnaeoona [ mnaaooza 04 
[aleciorEmiter Votage | Vero |__| MHQ4002A 
calectorEmiter Votege | Vers | 60 | 70 | Vee 

colestorsase votage | Veso | 60 
a a or 


CASE 632-02, STYLE 1 


Transistors 
Equal Power 


Total Device Dissipation 
@ Ta = 28°C 
Derate above 25°C 


MEMORY DRIVER TRANSISTOR 


NPN SILICON 


Total Device Dissipation 
@ Tc = 25°C 
Derate above 25°C 


Refer to MD3725 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(I¢ = 10 mAdc, lg = 0) MHQ4001A 
MHQ4002A 


Collector-Emitter Breakdown Voltage V(BR)CES 
(Ic = 10 wAdc, Vee = 0) MHQ4001A 
MHQ4002A 70 


Collector-Base Breakdown Voltage V(BR)CBO 
(ic = 10 wAde, Ie = 0) MHO4001A 60 
MHQ4002A 
Emitter-Base Breakdown Voltage V(BR)EBO 
(le = 10 pAdc, Ic = 0) 


Collector Cutoff Current 
(Veg = 30 Vdc, Ie = 0) 
ON CHARACTERISTICS(1) 


DC Current Gain (I¢ = 100 mAdc, Vcg = 1.0 Vdc) 
(i¢ = 500 mAdc, VcgE = 1.0 Vdc) 
(I¢ = 1.0 Adc, VcgE = 5.0 Vdc) 


Collector-Emitter Saturation Voltage (Ic = 100 mAdc, Ip = 10 mAdc) VeEteat) 
(ic = 500 mAdc, Ip = 50 mAdc) 
(Ii¢ = 1.0 Ade, lg = 100 mAdc) 
Base-Emitter Saturation Voltage (Ic = 100 mAdc, fp = 10 mAdc) VBE(sat) 
(Ic = 500 mAdc, Ip = 50 mAdc) 
(Ic = 1.0 Adc, lg = 100 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(1) 
(I¢ = 50 mAdc, VcgE = 10 Vdc, f = 100 MHz) 


Output Capacitance Cobo 
(VcB = 10 Vdc, IE = 0, f = 100 kHz) 


Input Capacitance 
(VBE = 0.5 Vdc, Ic = 0, f = 100 kHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Vcc = 30 Vdc, Ic = 0.5 Adc, Veg = 3.8 Vdc, Igy = 50 mAdc) 


Turn-Off Time 
(Vcc = 30 Vdc, Ic = 0.5 Adc, Ip1 = Ip2 = 50 mAdc) 


(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 
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MHQ4013 
MHQ4014 


MAXIMUM RATINGS 


CASE 632-02, STYLE 1 


Collector-Base Voltage VcBO Vde 

Emitter-Base Voltage VEBO Vdc 

Collector Current — Continuous re ee Adc 
@ Ta = 25°C 


PD 
750 2500 mW 

Derate above 25°C ! 4.3 14.3 mWw/°C 
Total Device Dissipation 

@ Tc = 25°C 1.2 4.0 Watts 

Derate above 25°C 6.86 22.8 ~mWw/°C 

Operating and Storage Junction Ty, Tstg -—55 to +200 °C 

Temperature Range 

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


“= ee f-}-|]") 
V(BR)CES Vde 
60 
70 
V(BR)CBO Vde 
60 


Total Device Dissipation 


MEMORY DRIVER TRANSISTOR 


NPN SILICON 


Refer to MD3725 for graphs. 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(Ic = 10 mAdc, Ip = 0) MHQ4013 
MHQ4014 


Collector-Emitter Breakdown Voltage 
(Ic = 10 wAdc, Vee = 0) MHQ4013 
MHQ4014 


Collector-Base Breakdown Voltage 
(I¢ = 10 wAdc, IE = 0) MHQ4013 
MHQ4014 


Emitter-Base Breakdown Voltage (lp = 10 Adc, Ic = 0) 


70 
Vierepo | 60 | ~ | — | vac | 
Collector Cutoff Current (Vcp = 50 Vdc, Ig = 0) [CBO Fo | — | 500 | nAde | 
ON CHARACTERISTICS(1) 


DC Current Gain (I¢ = 100 mAdc, VcgE = 1.0 Vdc) hee 
(I¢ = 500 mAdc, VcgE = 1.0 Vdc) 
(Ic = 1.0 Adc, VcgE = 5.0 Vdc) ; 
Collector-Emitter Saturation Voltage (Ic = 100 mAdc, Ip = 10 mAdc) VCE(sat 
(I¢ = 500 mAdc, Ip = 50 mAdc) 
(I¢ = 1.0 Adc, Ip = 100 mAdc) 


Base-Emitter Saturation Voltage (Ic = 100 mAdc, Ip = 10 mAdc) VBE(sat) 
(I¢ = 500 mAdc, Ig = 50 mAdc) 
. (i¢ = 1.0 Ade, Ip = 100 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(1) 
(Ic = 50 mAdc, VcgE = 10 Vde, f = 100 MHz) 


Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 


Input Capacitance 
(VBE = 0.5 Vdc, Ic = 0, f = 100 kHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Vcc = 30 Vde, Ic = 0.5 Adc, VBE(off) = 3.8 Vde, Ig, = 50 mAdc) 


Turn-Off Time . 
(Vcc = 30 Vdc, I¢ = 0.5 Ade, Igy = Ipg = 50 mAdc) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MHQ4013, MHQ4014 


FIGURE 1 — TURN-ON AND TURN-OFF SWITCHING TIMES TEST CIRCUIT 


43 15 


Vin = +9.7 
PULSE GENERATOR 1.0 uF TO SAMPLING 
tr, te < 1.0 ns 62 OSCILLOSCOPE 
PW = 1.0 us Zin > 100 k&2 
Zin = 5082 a0 F I tr< 1.0 ns 
Duty Cycle = 2.0% a ; = 
SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MHQ6001 
MHQ6002 


MAXIMUM RATINGS 
CASE 632-02, TYPE 1 


Total Device Dissipation 
@ Ta = 25°C 


0.65 
Derate above 25°C 3.72 
Total Device Dissipation 
@ Tc = 26°C 1.3 Watts 
Derate above 25°C 7.43 mW/°C 
Operating and Storage Junction Ty, Tstg —65 to +200 °C 
Temperature Range 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Characteristic | | Symbol | Min | Typ | Max | Unit _| 


Collector-Emitter Breakdown Voltage(1) (lc = 10 mAdc, Ig = 0) V(BR)CEO 
Collector-Base Breakdown Voltage (lc = 10 wAdc, IE = 0) V(BR)CBO 


a 

| Emitter-Base Breakdown Voltage (Ie = 10 uAdcic=0) | Wpryewo | 50 | — | — | vde_| 
| Es 
= 


COMPLEMENTARY TRANSISTOR 


NPN/PNP SILICON 


Refer to MHQ2222 for NPN graphs.* 


OFF CHARACTERISTICS 


Collector Cutoff Current (Vcp = 50 Vdc, IE = 0) — IeBo 
Emitter Cutoff Current (Vpe = 3.0 Vdc, Ic = 0) | leBo | 


ON CHARACTERISTICS 


DC Current Gain(1) 
(I¢ = 1.0 mAdc, VcE = 10 Vdc) MHOQ6001 
MHQ6002 


(Ic = 10 mAdc, VcE = 10 Vde) MHQ6001 
MHQ6002 


(Ic = 150 mAdc, Vcg = 10 Vdc) MHQ6001 


MHQ6002 


10 Vdc) MHQ6001 
MHQ6002 


Collector-Emitter Saturation Voltage(1) (I¢ = 150 mAdc, Ig = 15 mAdc) VCE(sat) 0.4 Vdc 
(I¢ = 300 mAdc, Ip = 30 mAdc) 1.4 
Base-Emitter Saturation Voltage(1) (Ic = 150 mAdc, Ip = 15 mAdc) VBE(sat) Vdc 
(I¢ = 300 mAdc, Ig = 30 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(1) (Ic = 50 mAdc, Vcge = 20 Vdc, 
f = 100 kHz) 


Output Capacitance (Vcg = 10 Vdc, IE = 0, f = 100 kHz) 


(I¢ = 300 mAdc, VcE 20 
30 


Input Capacitance (Vpe = 2.0 Vde, Ic = 0, f = 100 kHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time (Vcc = 30 Vdc, Vee = 0.5 Vdc, 
Ic = 150 mAdc, Ip, = 15 mAdc) 


Turn-Off Time (Vcc = 30 Vdc, Ic = 150 mAdc, 
Ip1 = Ip2 = 15 mAdc) 
(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
*Refer to MHQ2907 for PNP graphs. 
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MHQ6100,A 


CASE 632-02, TYPE 2 
TO-116 


MAXIMUM RATINGS 


| 
QUAD 
COMPLEMENTARY PAIR 
TRANSISTOR 


NPN/PNP SILICON 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Refer to MHQ2483 for NPN graphs. 
Refer to MHQ3798 for PNP graphs. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Symbol | Min | Typ | Max | Unit _ 
(ic = 10 mAdc, Ip = 0) 3 MHQ6100 


V(BR)CEO Vde 
MHQ6100A 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(ic = 10 wAdc, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 10 wAdc, Ic = 0) 
Collector Cutoff Current ICBO nAdc 
(VcB = 50 Vdc, IE = 0) 
(I¢ = 10 mAdc, Vcg = 5.0 Vdc) MHQ6100 60 — 


ON CHARACTERISTICS | | 


DC Current Gain(1) 
(I¢ = 100 wAdc, VcE 
Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(i¢ = 1.0 mAdc, Ig = 0.1 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) Vde 
(I¢ = 1.0 mAdc, Ip = 0.1 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 500 wAdc, Vcge = 5.0 Vde, f = 20 MHz) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1). 


50 
100 


5.0 Vdc) MHQ6100 
MHQ6100A 


5.0 Vdc) MHQ6100 
MHQ6100A 


75 
150 


(ic = 500 wAdc, VcE 


(Ic = 1.0 mAdc, Vcge = 5.0 Vdc) MHQ6100 


MHQ6100A 


75 
150 


Output Capacitance 


(VcB = 5.0 Vdc, IE = 0, f = 100 kHz) 


Input Capacitance 
(VBE = 0.5 Vdc, Ic = 0, f = 100 kHz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 


SMALL-SIGNAL DEVICES | MOTOROLA SEMICONDUCTORS 


5-113 


RS ee ae Pe TE ee ea Te ee eee eS RS ee | 


_ | Base-Emitter Saturation Voltage (ic = 10 mAdc, Ip = 1.0 mAdc) VBE(sat) 


MAXIMUM RATINGS 


MP0918 


CASE 646-05, STYLE 1 
TO-116 Each 
| Transistor 


Total Device Dissipation 
@ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation 
@ Tc = 25°C 
Derate above 25°C 


QUAD 
AMPLIFIER TRANSISTOR 


NPN SILICON 


THERMAL CHARACTERISTICS 


Junction to | Junction to 
Characteristic Case Ambient 
Thermal Resistance Each Die °C/W 
Effective, 4 Die °C/W 
Coupling Factors Q1-04 or Q2-03 70 % 
Q1-Q2 or 03-04 26 % 


Refer to MD918 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


| Characteristic | Symbot | Min | typ | Max | unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) (Ic = 3.0 mAdc, Ip = 0) | werceo | 15) «| 6 — | — | vac | 
Collector-Base Breakdown Voltage (ic = 1.0 pAde, IE = 0) | wprjcpo | 30 | — | — | Vvde | 
Emitter-Base Breakdown Voltage (IE = 10 wAdc, Ic = 0) | Verepo | 30 | — | — | vac | 
[Collector Cutoff Current (Vep=15Vde'e=0) | tcp | = | tne 


ON CHARACTERISTICS(1) 


DC Current Gain (Ic = 0.1 mAdc, Vcg = 1.0 Vdc) 
(I¢ = 3.0 mAdc, VcE = 1.0 Vdc) 
(I¢ = 10 mAdc, VcE = 1.0 Vdc) 50 


Collector-Emitter Saturation Voltage (Ic = 10 mAdc, Ip = 1.0 mAdc) VCE(sat) | — | on | o4 | 
oss | 10 | 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product (Ic = 4.0 mAdc, Vcg = 10 Vdc, 
f = 100 MHz) 


Output Capacitance (Vcp = 10 Vdc, IE = 0, f = 140 kHz) 


Input Capacitance (Vpe = 0.5 Vdc, ic = 0, f = 140 kHz) 
Noise Figure (Ic = 1.0 mAdc, VcgE = 6.0 Vdc, Rg = 400 Ohms, f = 60 MHz) 
(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 
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MAXIMUM RATINGS 


MPQ1000 


CASE 646-05, STYLE 1 
TO-116 


Transistors 
Equal Power 


Total Device Dissipation 
@ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation 
@ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction TJ, Tstg -55 to +150 °C 
Temperature Range 
THERMAL CHARACTERISTICS 
Junction to | Junction to 
Characteristic Case Ambient 

Thermal Resistance(1) Each Die 193 °C/W 
Effective, 4 Die 100 °C/W 

Coupling Factors Q1-04 or Q2-03 % 

Q1-Q2 or 03-04 % 


(1) RajA is measured with the device soldered into a typical printed circuit board. 


QUAD 
AMPLIFIER TRANSISTOR 


NPN SILICON 


Refer to MD2218 for graphs. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO Vde 
(I¢ = 10 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 10 Ade, Ig = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 10 wAdc, Ic = 0) 


Collector Cutoff Current nAdc 
ON CHARACTERISTICS(2) 
DC Current Gain 
50 
50 
(I¢ = 150 mAdc, Vcg = 10 Vdc) 40 
Collector-Emitter Saturation Voltage VCE(sat) 
(I¢ = 150 mAdc, Ip = 15 mAdc) 
Current-Gain — Bandwidth Product 
(ic = 20 mAdc, VcE = 20 Vde, f = 100 MHz) 


(VcB = 30 Vdc, Ig = 0) 

Emitter Cutoff Current nAdc 
(VER = 2.0 Vde, Ic = 0) . ; 
(I¢ = 10 mAdc, Vcge = 10 Vdc) 

(I¢ = 50 mAdc, VcgE = 10 Vdc) 
Vdc 

Base-Emitter Saturation Voltage VBE(sat) Vdc 
(I¢ = 150 mAdc, Ip = 15 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance 
(Vcp = 10 Vdc, Ie = 0, f = 100 kHz) 


Input Capacitance 
(VBE = 0.5 Vde, Ic = 0, f = 100 kHz) 


(2) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 
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MAXIMUM RATINGS ie 3 Tats 
_____Value 
Collector-Emitter Voltage VcEO | tOsts—i*CS ~Vde 


Collector-Base Voltage VcBO 40 


Emitter-Base Voltage 


Collector Current — Continuous 


MPQ1500 


CASE 646-05, STYLE 1 
TO-116 


Transistors 
Equal Power 


Total Device Dissipation 
@ Ta = 25°C 

Derate above 25°C 

Total Device Dissipation 

@ Tc = 25°C 3 

Derate above 25°C ; mWw/°C 


Operating and Storage Junction Ty, Tstg - —55 to +150 “GC 
Temperature Range 


THERMAL CHARACTERISTICS 7 


QUAD 


PNP SILICON 


Thermal Resistance(1) 
Each Die 


Refer to MPQ2907 for graphs. Effective, 4 Die 


Coupling Factor 
Q1-04 or Q2-03 
Q1-Q2 or 03-04 


(1) Junction to ambient data applies for typical printed circuit board mounting. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


po Chavacteristic | Symbot_ | min | typ | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vdc 
(I¢ = 10 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vde 

(Ic = 10 pAde, IE = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO Vde 
| (lg = 10 pAdc, Ic = 0) 
Collector Cutoff Current ICBO 
(VcB = 30 Vdc, IE = 0) . 
DC Current Gain 
(Ic = 10 mAdc, VcE = 10 Vdc) 
| ~ 80 
Collector-Emitter Saturation Voltage | VCE(sat) Vdc 
(I¢ = 150 mAdc, Ip = 15 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) 0.89 “1.3 Vde 
~ (I¢ = 150 mAde, Ip = 15 mAdc) 
(i¢ = 20 mAdc, VcEe = 20 Vde, f = 100 MHz) 
Output Capacitance 


Emitter Cutoff Current ji nAdc 
(VER = 2.0 Vdc, Ic = 0) . 
(Ic = 50 mAdc, Veg = 10 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 


ON CHARACTERISTICS(1) 
50 100 
50 120 
(I¢ = 150 mAdc, VcE = 10 Vdc) 40 
Current-Gain — Bandwidth Product(1) 


(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 


Input Capacitance 
(VBE = 0.5 Vdc, Ic = 0, f = 100 kHz) 


(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 


MPQ2221 y MPQ2222 For Specifications, See MHQ2221 Data. 
MPQ2369 For Specifications, See MHQ2369 Data. 


MOTOROLA SEMICONDUCTORS | SMALL-SIGNAL DEVICES 


5-116 


MAXIMUM RATINGS 
Rating 


Collector-Emitter Voltage 


Transistors 
Equal Power 


500 
4.0 

0.825 2.4 
6.7 19.2 


—55 to +150 


Total Device Dissipation 
@ Ta = 25°C(1) 
Derate above 25°C 

Total Device Dissipation 
@ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction Ty, Tstg 
Temperature Range 


(1) Second Breakdown occurs at power levels greater than 3 times the power 


dissipation rating. 


THERMAL CHARACTERISTICS 


Junction to 
Characteristic Case 


Thermal Resistance Each Die 
Effective, 4 Die 


Q1-04 or Q2-03 
Q1-Q2 or 03-04 


Junction to 
Ambient 


Coupling Factors 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


151 250 °C/W 
52 134 °C/W 
34 70 % 
2.0 26 % 


MPQ2483 
MPQ2484 


CASE 646-05, STYLE 1 
TO-116 


°C 
QUAD 
AMPLIFIER TRANSISTOR 


NPN SILICON 


Refer to 2N2919 for graphs. 


[Symbor [win [typ [Moe [Unit 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
(Ic = 10 mAdc, Ip = 0) 


Collector-Base Breakdown Voltage 
(Ic = 10 wAdc, IE = 0) 


Emitter-Base Breakdown Voltage 
(IE = 10 wAdce, Ic = 0) 


Collector Cutoff Current 
(VcB = 45 Vdc, IE = 0) 


Emitter Cutoff Current 
(VBE = 3.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain(2) 
(I¢ = 0.1 mAdc, VcE 


MPQ2483 
MPQ2484 


5.0 Vdc) 


MPQ2483 
MPQ2484 


(Ic = 1.0 mAde, Veg = 5.0 Vde) 


MPQ2483 
MPQ2484 


(Ic = 10 mAdc, Vcg = 5.0 Vdc) 


Collector-Emitter Saturation Voltage 
(l¢ = 1.0 mAdc, IB = 0.1 mAdc) 
(I¢ = 10 mAdc, lp = 1.0 mAdc) 


Base-Emitter Saturation Voltage(2) 
(I¢ = 100 wAdc, Vcg = 5.0 Vdc) 
(Ic = 10 mAdc, VcE = 5.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 500 wAdc, Vce = 5.0 Vdc, f = 20 MHz) 


Input Capacitance 


(VBE = 0.5 Vdc, Ic = 0, f = 100 kHz) 
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VCE(sat) 
VBE(sat) 


MOTOROLA SEMICONDUCTORS 


| MPQ2483, MPQ2484 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | 


Collector-Base Capacitance 
(Vcp = 5.0 Vde, Ie = 0, f = 100 kHz) 


Noise Figure . 
(I¢ = 10 wAdec, Vcge = 5.0 Vdc, Rg = 10 kohms, MPQ2483 
f = 10 Hz to 15.7 kHz, BW = 10 kHz) MPQ2484 


(2) Pulse Test: Pulse Width < 300 us, Duty Cycle <= 2.0%. 


MPQ2906, MPQ2907 For Specifications, See MHQ2906 Data. 
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MAXIMUM RATINGS 


MPQ3303 


CASE 646-05, STYLE 1 
TO-116 


Transistors 
Equal Power 


Total Device Dissipation 
@ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation 
@ Tc = 25°C 
Derate above 25°C 


8.0 
Operating and Storage Junction Ty, Tstg —55 to +150 °C 
Temperature Range 
THERMAL CHARACTERISTICS 
Junction to | Junction to 
Characteristic Case Ambient 
Thermal Resistance Each Die 125 193* °C/W 
Effective, 4 Die 41.6 100* °C/W 
Coupling Factors Q1-04 or Q2-03 30 60 % 
Q1-Q2 or 03-04 2.0 25 % 


(1) Rega is measured with the device soldered into a typical printed circuit board. 
ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(I¢ = 10 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 100 pAdc, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 100 pAdc, Ic = 0) 
Collector Cutoff Current ICES pAdc 
(VcE = 15 Vdc, Veg = 0) 
ON CHARACTERISTICS 
“fe wom “lelelsl 
VCE(sat) P-| Vde 


(Ic = 100 mAdc, Vcg = 0.5 Vde) 
VBE(sat) = 


1.0 


QUAD 
SWITCHING TRANSISTOR 


NPN SILICON 


OFF CHARACTERISTICS 


(I¢ = 300 mAdc, VcgE = 0.5 Vdc) 


Collector-Emitter Saturation Voltage 
(I¢ = 300 mAdc, Ig = 30 mAdc) 
(I¢ = 1.0 Adc, lp = 0.1 Adc) 


Base-Emitter Saturation Voltage 
(I¢ = 300 mAdc, Ip = 30 mAdc) 
(I¢ = 1.0 Adc, Ig = 0.1 Adc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(i¢ = 100 mAdc, VcgE = 5.0 Vdc, f = 100 MHz) 


Output Capacitance 
(VcB = 5.0 Vdc, Ig = 0, f = 1.0 MHz) 


Input Capacitance 
(VBE = 0.5 Vde, Ic = 0, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Vcc = 12 Vde, ic = 1.0 Adc, VBE(off) = 4.0 Vde, Igy = 100 mAdc) 


Turn-Off Time 
(Vcc = 12 Vdc, Ic = 1.0 Adc, lpi = IB2 = 100 mAdc) 
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MAXIMUM RATINGS 


Rating _ _[Symbot | Unit | 
Collector-Emitter Voltage !Vcceo | ti Ot—~‘“‘*@CL:SCN «CS 
Collector-Base Voltage ee ee ee 
Emitter-Base Voltage Vepo | 80 | Ve 
a eee ec 


MPQ3467 


CASE 646-05, STYLE 1 
TO-116 


Four 


Collector Current — Continuous | Ade | 
Each Transistors 


Transistor | Equal Power a 
650 1500 
5.2 mW/°C 
D a : sie ea 1 
0 


12 
1.25 3.2 Watts 
Derate above 25°C 1 25.6 mWw/°C 
Operating and Storage Junction Ty, Tstg —55 to +150 ~ °C 
Temperature Range 
(1) Second Breakdown occurs at power levels greater than 2 times the power 
dissipation rating. 


Total Device Dissipation 
@ Ta = 25°C(1) 
Derate above 25°C 


Total Device Dissipation 


QUAD 
MEMORY DRIVER TRANSISTOR 


PNP SILICON | 
THERMAL CHARACTERISTICS 


RaJc ReJA 
Junction to | Junction to 
Refer to MD3467 for graphs. Characteristic Case Ambient 


Thermal Resistance — Each Die 100 193 °C/W 
Effective, 4 Die 39 83.2 °C/W 


Coupling Factors Q1-04 or Q2-03 45 55 % 
Q1-Q2 or 03-04 5.0 10 % 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


[| Characteristic | Symbot_ | min | Typ | Max | unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO Vdc 
(I¢ = 10 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage V(BR)CBO 40 Vdc 
(Ic = 10 wAdc, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 10 wAdc, Ic = 0) 
Collector Cutoff Current ICBO nAdc 
(VcB = 30 Vdc, Ie = 0) 
‘Emitter Cutoff Current nAdc 
(VBE = 3.0 Vdc, Ic = 0) 
ON CHARACTERISTICS 


DC Current Gain(2) hFE 
(I¢ = 500 mAdc, Vcg = 1.0 Vdc) . 
Collector-Emitter Saturation Voltage(2) VCE(sat) Vdc 
(I¢ = 500 mAdc, Ig = 50 mAdc) 
Base-Emitter Saturation Voltage(2) | VBE(sat) Vde 
(Ic = 500 mAdc, Ip = 50 mAdc) . 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 50 mAdec, Vce = 10 Vde, f = 100 MHz) 


Output Capacitance 
(VcB = 10 Vdc, Ig = 0, f = 100 kHz) 


Input Capacitance 
(VBE = 0.5 Vdc, Ic = 0, f = 100 kHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(I¢ = 500 mAdc, lpi = 50 mAdc) 


Turn-Off Time 
(ic = 500 mAdc, Ip1 = IB2 = 50 mAdc) 


(2) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 
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MPQ3546 For Specifications, See MHQ3546 Data. 


MAXIMUM RATINGS 


[Rating * Symba 


Total Device Dissipation 
@ Ta = 25°C 
Derate above 25°C 


-MPQ3725,A 


CASE 646-05, STYLE 1 
TO-116 


QUAD 
CORE DRIVER TRANSISTOR 


NPN SILICON 


Refer to MD3725 for graphs. 


Thermal Resistance, RejA °C/W 
Junction to Ambient(1) 


(1) RejA is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


oe eg [-[=-[*. 
(Ic = 100 wAdc, Veg = 0) MPQ3725 


V(BR)CES Vde 
60 
MPQ3725A 70 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 10 wAdc, Ic = 0) 
Collector Cutoff Current ICBO pAdc 
(VcB = 40 Vdc, Ie = 0) 
(i¢ = 500 mAdc, VcgE = 2.0 Vdc) MPQ3725 


ON CHARACTERISTICS(2) 
FE 
75 
80 
45 
MPQ3725A 50 


DC Current Gain 
(I¢ = 100 mAdc, VcE 
Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(I¢ = 500 mAdc, Ip = 50 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) Vde 
(I¢ = 500 mAdc, IB = 50 mAdc) 
SMALL-SIGNAL CHARACTERISTICS | . 


Current-Gain — Bandwidth Product 
(Ic = 50 mAdc, Vcg = 10 Vde, f = 100 MHz) MPQ3725 
MPQ3725A 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
(Ic = 10 mAdc, Ip = 0) MPQ3725 
MPQ3725A 


Collector-Emitter Breakdown Voltage 


1.0 Vdc) MPQ3725 
MPQ3725A 


Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 


input Capacitance 
(VBE = 0.5 Vdc, Ic = 0, f = 100 kHz) 
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| _MPQ3725,A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 
2 _ Characteristic 7 3 


| SWITCHING CHARACTERISTICS 


Turn-On Time . . 
(I¢ = 500 mAdc, Ig1 = 50 mAdc, VBE(off) = 3-8 Vdc) 


Turn-Off Time. 
(I¢ = 500 mAdc, Ip1 = Ip2 = 50 mAdc) 


(2) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 


FIGURE 1 — SWITCHING TIMES TEST CIRCUIT 


-3.8 V +30 V 


Sampling 
Oscilloscope 
Zin 2100 kKQ 

tr <1.0 ns 
Pulse Generator 

tr, t¢ < 1.0 ns 
PW ~ 1.0 us 
Zin = 50 2 
Duty Cycle < 2.0% 
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MAXIMUM RATINGS 


Collector-Emitter Voltage 


Collector-Base Voltage | VcBO_. 
Emitter-Base Voltage | VEBO | 


Collector Current — Continuous 


MPQ3762 


CASE 646-05, STYLE 1 
TO-116 


Transistors 
Equal Power 


Total Device Dissipation 
@ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation 
@ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
QUAD 
THERMAL CHARACTERISTICS MEMORY DRIVER TRANSISTOR 
Junction to | Junction to 
Characteristic Case Ambient 
Thermal Resistance(1) Each Die 167 °C/W 
73.5 °C/W 


Effective, 4 Die 


Coupling Factors Q1-04 or Q2-03 % 
Q1-Q2 or 03-04 % 

(1) Raja is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO 40 Vdc 
(Ic = 10 mAdc, Ig = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(I¢ = 10 wAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(l—E = 10 wAdc, Ic = 0) . 
Collector Cutoff Current ICBO nAdc 

(VcB = 30 Vdc, IE = 0) 

Emitter Cutoff Current nAdc 

(VER = 3.0 Vdc, I¢ = 0) 


ON CHARACTERISTICS(2) 
DC Current Gain hFE 
(Ic = 150 mAdc, VcgE = 1.0 Vde) 70 
65 
35 
_ -=-lele[ 
VBE(sat) Vde 
. 0.9 
1.0 


PNP SILICON 


Refer to MD3467 for graphs. 


OFF CHARACTERISTICS 


(Ic = 500 mAdc, VcgE = 2.0 Vdc) 
(Ic = 1.0 Adc, VcE = 2.0 Vdc) 


Collector-Emitter Saturation Voltage 
(I¢ = 500 mAdc, Ig = 50 mAdc) 

(Ic = 1.0 Adc, Ig = 100 mAdc) 
Base-Emitter Saturation Voltage 
(ic = 500 mAdc, Ig = 50 mAdc) 
(I¢ = 1.0 Ade, lg = 100 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(Ic = 50 mAdc, Vcg = 10 Vde, f = 100 MHz) 


Output Capacitance 
(VcB = 10 Vdc, IE = 0, f = 100 kHz) 


Input Capacitance 
(Veg = 0.5 Vde, Ic = 0, f = 100 kHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Vcc = 30 Vdc, Ic = 1.0 Ade, Ig, = 100 mAdc, VBE(off) = 2.0 Vdc) 


Turn-Off Time 
(Vcc = 30 Vdc, Ic = 1.0 Adc, Ip; = IB2 = 100 mAdc) 


(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MPQ3762 


EQUIVALENT TEST CIRCUITS 


. 2 FIGURE 1 — TURN-ON | FIGURE 2 — TURN-OFF | 

| rs | | -30 V | 
| +2.0 V : 
| as = 30 7 : 

Scope 

100 
| -11.1V : 
| PW = 200 ns Re | 
Rise Time <2.0 ns 10 <ty < 500yus 
! DC <2.0% = tg << 10 ns 
| tg > 1.0 us 
| 
MOTOROLA SEMICONDUCTORS | SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 


Rating mpo3798_| MPQ3799 | Unit | 


Collector-Emitter \ Voltage | VCEO | 60 Vdc 
ese menage eagle 
TemiterBase Votage ———~=S«d' Veo] =i S~*dt Co 
[Collector Current — Continuous | tc | 80 | Adc 


Four 
Each Transistors 


MPQ3798 
MPQ3799 


CASE 646-05, STYLE 1 
TO-116 


Transistor | Equal Power 
Total Device Dissipation 
@ Ta = 25°C(1) 


0.9 Watt 
Derate above 25°C 7.2 mW/°C 
Total Device Dissipation 
@ Tc = 25°C 0.825 2.4 Watts 
Derate above 25°C 6.7 19.2 mC 
Operating and Storage Junction Ty. Tstg —55 to +150 
Temperature Range 


(1) Second breakdown occurs at power levels greater than 3 times the power QUAD 


dissipation rating. AMPLIFIER TRANSISTOR 


THERMAL CHARACTERISTICS PNP SILICON 


ReJc ReJA 
Junction to | Junction to 
Characteristic Case Ambient Refer to 2N3810 for graphs. 


Thermal Resistance Each Die 151 250 °C/W 
Effective, 4 Die 52 139 °C/W 

Coupling Factors Q1-04 or 02-03 34 70 % 
Q1-Q2 or Q3-04 2.0 26 % 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


V(BR)CEO Vde 
40 
60 
Collector-Base Breakdown Voltage 


V(BR)CBO Vde 
(I¢ = 10 pAdc, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 10 wAdc, Ic = 0) 
Collector Cutoff Current ICBO nAdc 
(Vcg = 50 Vdc, IE = 0) 
Emitter Cutoff Current nAdc 
(VBE = 3.0 Vdc, Ic = 0) . 


ON CHARACTERISTICS(2) 


DC Current Gain 
(I¢ = 10 wAdc, Vcfe = 5.0 Vdc) MPQ3798 
VCE(sat) Vde 
0.12 
0.07 
VBE(sat) Vde 
0.62 0.7 
; 0.8 


MPQ3799 
SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
(I¢ = 10 mAdc, Ip = 0) MPQ3798 
. MPQ3799 


MPQ3798 
MPQ3799 


(Ic = 100 pAdc, Veg = 5.0 Vdc) 


5.0 Vdc) MPQ3798 


MPQ3799 


(I¢ = 500 wAdc, Voce 


(Ic = 10 mAdc, VcE = 5.0 Vdc) MPQ3798 
MPQ3799 


Collector-Emitter Saturation Voltage 
(I¢ = 100 wAdc, Ip = 10 wAdc) 
(Ic = 1.0 mAdc, Ip = 100 wAdc) 
Base-Emitter Saturation Voltage 
(I¢ = 100 wAdc, ip = 10 pAdc) 
(I¢ = 1.0 mAdc, lB = 100 wAdc) 


5-125 


MPQ3798,99 


ELECTRICAL CHARACTERISTICS eondnueel (Ta = 25°C unless otherwise noted. ) 


ne eee 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 1.0 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 


Output Capacitance 
(VcB = 5.0 Vde, Ie = 0, f = 100 kHz) 


Input Capacitance 
(VBE = 0.5 Vdc, Ic = 0, f = 100 kHz) 


Noise Figure 
(I¢ = 100 wAdc, VcE = 10 Vdc, Rg = 3.0 kohms, MPQ3798 
f = 10 Hz to 15.7 kHz) MPQ3799 


(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MAXIMUM RATINGS 


MPQ3904 


CASE 646-05, STYLE 1 
TO-116 


Transistors 


Equal Power 


Total Device Dissipation 
@ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation 


@ Tc = 25°C 2.4 
Derate above 25°C 19.2 
Operating and Storage Junction Ty. Tstg —55 to +150 QUAD 
T t R 
esl cia AMPLIFIER/SWITCHING 
THERMAL CHARACTERISTICS TRANSISTOR 


NPN SILICON 


Thermal Resistance Each Die 


Effective, 4 Die 


Refer to 2N3904 for graphs. 
Coupling Factors Q1-04 or Q2-03 


Q1-Q2 or 03-04 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Characteristic |_Symbol_ | Min | Typ | Max | Unit _| 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vde 
(I¢ = 1.0 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vde 
(I¢ = 10 pAde, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE =.10 wAdc, Ic = 0) . 
Collector Cutoff Current ICBO nAdc 
(Vcg = 40 Vdc, IE = 0) 
Emitter Cutoff Current nAdc 
(VBE = 40 Vdc, Ic = 0) 


ON CHARACTERISTICS(1) 


DC Current Gain 
(I¢ = 0.1 mAdc, Veg = 1.0 Vdc) 
(Ic = 1.0 mAdc, VcgE = 1.0 Vdc) 

(I¢ = 10 mAdc, VcgE = 1.0 Vdc) 75 200 


Collector-Emitter Saturation Voltage VCE(sat) Vde 
(I¢ = 10 mAdc, Ig = 1.0 mAdc) ; 
Base-Emitter Saturation Voltage VBE(sat) Vde 
(I¢ = 10 mAdc, ip = 1.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(i¢ = 10 mAdc, VcE = 20 Vde, f = 100 MHz) 


Output Capacitance 
(VcB = 5.0 Vdc, IE = 0, f = 140 kHz) 


Input Capacitance 
(VBE = 0.5 Vdc, Ic = 0, f = 140 kHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(I¢ = 10 mAdc, Vee = 0.5 Vdc, Ig1 = 1.0 mAdc) 


OFF CHARACTERISTICS 


Turn-Off Time 
(I¢ = 10 mAdc, lpi = Ip2 = 1.0 mAdc) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MAXIMUM RATINGS 


Rating 


MPQ3906 


CASE 646-05, STYLE 1 
TO-116 


Transistors 
Equal Power 


Total Device Dissipation 
@ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation 
@ Tc = 25°C 
Derate above 25°C mw/°C 


Operating and Storage Junction Ty. Tstg —55 to + 150 °C 
Temperature Range 
THERMAL CHARACTERISTICS 


Junction to | Junction to 
Characteristic Case Ambient 
Thermal Resistance Each Die 151 °C/W 
Effective, 4 Die 52 °C/W 
Coupling Factors Q1-04 or Q2-03 70 % 
Q1-Q2 or 03-04 26 % 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Collector-Emitter Breakdown Voltage(1) 


V(BR)CEO Vde 
(I¢ = 1.0 mAde, Ip = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vde 
(I¢ = 10 wAde, Ie = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(le = 10 wAdc, Ic = 0) 
Collector Cutoff Current ICBO nAdc 
(VcB = 30 Vdc, IE = 0) 
Emitter Cutoff Current nAdc 
(VBE = 4.0 Vdc, Ic = 0) 
ON CHARACTERISTICS(1) 


DC Current Gain 
(I¢ = 0.1 mAdc, VcgE = 1.0 Vdc) 
(i¢ = 1.0 mAdc, Vcg = 1.0 Vdc) 
(I¢ = 10 mAdc, VcgE = 1.0 Vdc) 75 200 


Collector-Emitter Saturation Voltage VCE(sat) 0.1 Vdc 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) Vdc 
(i¢ = 10 mAdc, Ip = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS . | 


Current-Gain — Bandwidth Product 
(I¢ = 10 mAdc, Vce = 20 Vdc, f = 100 MHz) 


Output Capacitance 
(Vcp = 5.0 Vde, ig = 0, f = 140 kHz) 


Input Capacitance 
(VBE = 0.5 Vdc, ic = 0, f = 140 kHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Ic = 10 mAdc, VBE(off) = 0.5 Vdc, Ipq = 1.0 mAdc) 


1 


| QUAD. 
AMPLIFIER/SWITCH TRANSISTOR 


PNP SILICON 


‘Refer to 2N3906 for graphs. 


OFF CHARACTERISTICS 


Turn-Off Time 
(ic = 10 mAdc, Ig1 = !p2 = 1.0 mAdc) 


(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 
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MPQ3906 


FIGURE 1 — DELAY AND RISE TIME 
EQUIVALENT TEST CIRCUIT 


DUTY CYCLE — 2% ~ 


FIGURE 2 — STORAGE AND FALL TIME 
EQUIVALENT TEST CIRCUIT 
+91 yo be < 1.0 ns ~3.0V 


10 < t, < 500 ps 10.6 
DUTY CYCLE = 2% 1 tr & 


*Total shunt capacitance of test jig and connectors 


SMALL-SIGNAL DEVICES | MOTOROLA SEMICONDUCTORS 


5-129 


MAXIMUM RATINGS 


MPQ6001 
MPQ6002 


TYPE 1 


MPQ6501 
MPQ6502 


TYPE 2 


Four 
Transistors 


Equal Power 
Total Device Dissipation 
@ Ta = 25°C(1) 
MPQ6001, MPQ6002, MPQ6501, 
MPQ6502 
Derate above 25°C 
MPQ6001, MPQ6002, MPQ6501, 


0.65 1.25 
mWw/°C 
MPQ6502 5.18 10 
Total Device Dissipation 
@ Tc = 25°C Watts 
MPQ6001, MPQ6002, MPQ6501, 
MPQ6502 1.0 
Derate above 25°C mW/°C 
MPQ6001, MPQ6002, MPQ6501, 
MPQ6502 8.0 


Operating and Storage Junction Ty, Tstg -55 to +150 °C 
Temperature Range 


CASE 646-05 


, 


14 


1 
QUAD 
COMPLEMENTARY PAIR 
TRANSISTOR 


PNP/NPN SILICON 


THERMAL CHARACTERISTICS 


Junction to Junction to 
Characteristic Case Ambient 
Thermal Resistance 


Each Die MPQ6001, MPQ6002, MPQ6501, MPQ6502 
Effective, 4 Die MPQ6001, MPQ6002, MPQ6501, MPQ6502 


Coupling Factors 


% 


60 
MPQ6001, MPQ6002 
MPQ6501, MPQ6502 


Q1-04 or 02-03 


MPQ6001, MPQ6002 
Q1-Q2 or 03-04 MPQ6501, MPQ6502 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


| Characteristic | Symbot_ | Min | typ | Max | Unit 
OFF CHARACTERISTICS 

| Collector-Emitter Breakdown Vottage(2) (I¢ = 10mAdcig= 0) | Wipnceo | 30 | ~~ | | vae 

| Collector-Base Breakdown Voltage (lc = 10uAdc ie = 0) | payaso | 60 | ~~ | | Vo 
Emitter-Base Breakdown Voltage (lp = 10 wAdc, Ic = 0) | werepo | 50 | — | — | Vdc | 

[Collector Cutoff Current (Veg = 60Vdele=0) S| tcp | | O80 

[Emitter Cutoff Current (Veg = 30Vdetc=0 | ep | | O80 


ON CHARACTERISTICS 


DC Current Gain(2) 
(Ic = 1.0 mAdc, Vcge = 10 Vdc) MPQ6001, MPQ6501 
MPQ6002, MPQ6502 


(ic = 10 mAdc, VcE = 10 Vdc) MPQ6001, MPQ6501 
MPQ6002, MPQ6502 


(Ic = 150 mAdc, VcE = 10 Vdc) - MPQ6001, MPQ6501 
| MPQ6002, MPQ6502 


(I¢ = 300 mAdc, VcE = 10 Vdc) MPQ6001, MPQ6501 
: MPQ6002, MPQ6502 
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MPQ6001 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted. os 


Collector-Emitter Saturation Voltage(2) 
(I¢ = 150 mAde, Ip = 15 mAdc) 


(i¢ = 300 mAdc, Ip = 30 mAdc) 


Base-Emitter Saturation Voltage(2) 
(I¢ = 150 mAdc, Ip = 15 mAdc) 


aie 


(i¢ = 300 mAde, Ip = 30 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(i¢ = 50 mAdc, VcgE = 20 Vdc, f = 100 MHz) 


Output Capacitance 
(VcB = 10 Vdc, lg = 0, f = 100 kHz) 


Input Capacitance 
(VEgB = 2.0 Vdc, Ic = 0, f = 100 kHz) 


SWITCHING CHARACTERISTICS 
Turn-On Time 
(Vcc = 30 Vdc, Vee = 0.5 Vdc, Ic = 150 mAdc, 
lpi = 15 mAdc, Figure 1) 
Turn-Off Time 
(Vcc = 30 Vdc, Ic = 150 mAdc, 
1g1 = Ip2 = 15 mAdc) 


VBE(sat) 
a a a ea 
Cobo 
8.0 
8.0 
Cibo 
20 
7 


(1) Second Breakdown occurs at power levels greater than 3 times the power dissipation rating. 


(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 


NPN DATA 


FIGURE 1 — NORMALIZED DC CURRENT GAIN 
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NF, NOISE FIGURE (dB) 


NOISE FIGURE 
(VcE = 10 Vdc, Ta = 25°C) 


FIGURE 4 — FREQUENCY EFFECTS 
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FIGURE 5 — SOURCE RESISTANCE EFFECTS 
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MAXIMUM RATINGS 


iviPQ6100 
MPQ6600 


MPQ6100,A TYPE 1 
MPQ6600,A TYPE 2 


CASE 646-05 
TO-116 


Transistors 
Equal Power 


Total Device Dissipation 
@ Tp = 25°C 
Derate above 25°C 


Total Device Dissipation 


@ Tc = 25°C 
Derate above 25°C 19.2 mW/°C 
Temperature Range 
COMPLEMENTARY PAIR 
THERMAL CHARACTERISTICS TRANSISTOR 


Junction to | Junction to 
Characteristic Case Ambient 
Thermal Resistance(1) Each Die 151 250 °C/W 
Effective, 4 Die 52 139 °C/W 
Coupling Factors Q1-04 or Q2-Q3 34 70 % 
Q1-Q2 or 03-04 2.0 26 % 


(1) Raja is measured with the device soldered into a typical printed circuit board. 


PNP/NPN SILICON 
Refer to MHQ2483 for NPN Curves. 


Refer to MHQ3798 for PNP Curves. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Typ | Max | Unit _| 
(Ic = 10 mAde, Ip = 0) MPQ6100,6600 


V(BR)CEO Vde 
MPQ6100A,6600A 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 10 wAdc, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 10 wAdc, Ic = 0) 
Collector Cutoff Current ICBO nAdc 
(VcB = 50 Vdc, Ie = 0) 


ON CHARACTERISTICS(2) 


DC Current Gain 
(i¢ = 100 Adc, VcE 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 


5.0 Vdc) MPQ6100,6600 
MPQ6100A,6600A 


(I¢ = 500 wAdc, VcE = 5.0 Vdc) MPQ6100,6600 


MPQ6100A,6600A 


Hl 


(Ic = 1.0 mAdc, VcE = 5.0 Vdc) MPQ6100,6600 


MPQ6100A,6600A 


(Ic = 10 mAde, VcE = 5.0 Vde) MPQ6100,6600 
MPQ6100A,6600A 


Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(I¢ = 1.0 mAdc, Ip = 100 wAdc) 

Base-Emitter Saturation Voltage VBE(sat) Vdc 
(I¢ = 1.0 mAdc, IB = 100 wAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 500 wAdc, VcE = 5.0 Vdc, f = 20 MHz) 


Output Capacitance 
(VcB = 5.0 Vdc, Ie = 0, f = 100 kHz) 
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MPQ61 ”; A, MPQ6600, A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Input Capacitance 
(VBE = 0.5 Vdc, Ic = 0, f = 100 kHz) 


{| Noise Figure 
(i¢ = 100 wAdc, Vce = 5.0 Vdc, Rg = 10 kohms, 
f = 10 Hz to 15.7 kHz, BW = 10 kHz) 


(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MAXIMUM RATINGS 


Unit 
Collector-Emitter Voltage VCEO MPQ6426 
MPQ6426 
MPQ6427 MPQ6427 
Collector-Base Voltage VcBO 
MPQ6426 
MPQ6427 CASE 646-05, STYLE 1 
Emitter-Base Voltage Veco | 2 Vc TO-116 
Collector Current —Continuous | ic_—| 800, | mde | 


Four Die 
Each Die |Equal Power 


7 
ae 


QUAD 
DARLINGTON TRANSISTOR 


NPN SILICON 


Total Device Dissipation 
900 
Derate above 25°C 7.2 wre 
Total Device Dissipation 
Derate above 25°C 
Operating and Storage Junction Ty. Tstg —55 to +150 
Temperature Range 
(1) Second Breakdown occurs at power levels greater than 3 times the power 


@ Ta = 25°C(1) 
@ Tc = 25°C 2400 

19.2 awe 
dissipation rating. 


THERMAL CHARACTERISTICS 


Junction to | Junction to 
Characteristic Case Ambient 
Thermal Resistance Each Die es 250 °C/W 
Effective, 4 Die 139 °C/W 
Coupling Factors Q1-04 or Q2-03 % 
Q1-Q2 or 03-04 % 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | Max | Unit 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO: 
(I¢ = 10 mAdc, Ip = 0) MPQ6426 
MPQ6427 


Collector-Base Breakdown Voltage | HBRIERO 
(I¢ = 100 pAdc, Ie = 0) MPQ6426 
MPQ6427 


Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 wAdc, Ic = 0) . 

Collector Cutoff Current ICBO nAdc 
(VcB = 30 Vdc, Ie = 0) 


Emitter Cutoff Current 
(VBE = 10 Vdc, Ic = 0) 


ON CHARACTERISTICS(2) 


DC Current Gain 
(Ic = 10 mAdc, VcE = 5.0 Vdc) 
(I¢ = 100 mAdc, VcgE = 5.0 Vde) 


Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 100 mAdc, Ig = 0.1 mAdc) 

Base-Emitter On Voltage 
(i¢ = 100 mAdc, VcgE = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 10 mAdc, VcgE = 5.0 Vdc, f = 100 MHz) 


Output Capacitance 


(VcB = 10 Vdc, IE = 0, f = 100 kHz) 


Input Capacitance 
(VgE = 0.5 Vdc, Ic = 0, f = 100 kHz) 


(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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-MPQ6426, MPQ6427 


€n, NOISE VOLTAGE (nV) 


Vt, TOTAL WIDEBAND NOISE VOLTAGE (nV) 


C, CAPACITANCE (pF) 


NOISE CHARACTERISTICS 
(VcE = 5.0 Vdc, Ta = 25°C) 


FIGURE 1 — NOISE VOLTAGE 
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FIGURE 3 — TOTAL WIDEBAND NOISE VOLTAGE 
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FIGURE 2 — NOISE CURRENT 
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FIGURE 5 — CAPACITANCE 
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FIGURE 6 — HIGH FREQUENCY CURRENT GAIN 
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MAXIMUM RATINGS 
Rating 


MPQ6700 


CASE 646-05, TYPE 2 
TO-116 


Transistors 
Equal Power 


Total Device Dissipation 
@ Ta = 25°C(1) 
Derate above 25°C 


Total Device Dissipation 
@ Tc = 25°C 
Derate above 25°C 
QUAD 


: COMPLEMENTARY PAIR 
(1) Second breakdown occurs at power levels greater than 3 times the power TRANSISTOR 
dissipation rating. 


PNP/NPN SILICON 
THERMAL CHARACTERISTICS ? 


Junction to | Junction to 
Characteristic Case Ambient 
Thermal Resistance Each Die 151 250 . 
_ Effective, 4 Die 52 139 
Coupling Factors Q1-04 or Q2-03 
Q1-Q2 or Q3-04 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


[Characteristic «Symbol | Min [Max [Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO Vdc 
(I¢ = 10 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(I¢ = 10 wAdc, IE = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO 


Emitter Cutoff Current nAdc 
(VERB = 4.0 Vde, Ic = 0) 
ON CHARACTERISTICS(2) 
hFE 
30 
(I¢ = 1.0 mAdc, Vcg = 1.0 Vdc) 50 
(I¢ = 10 mAdc, VcE = 1.0 Vdc) 70 
(i¢ = 10 mAdc, Ig = 1.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 
Output Capacitance 
(VcB = 5.0 Vdc, Ie = 0, f = 100 kHz) 


Collector Cutoff Current ICBO nAdc 
(Veg = 30 Vdc, Ie = 0) 
DC Current Gain 
(I¢ = 0.1 mAdc, VcgE = 1.0 Vde) 
Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(lc = 10 mAdc, lp = 1.0 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) on CaF 
Current-Gain — Bandwidth Product(2) 
(Ic = 10 mAdc, VceE = 20 Vdc, f = 100 MHz) 
input Capacitance 
(VERB = 0.5 Vdc, Ic = 0, f = 100 kHz) 


(2) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 
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‘MPQ6700 


V, VOLTAGE (VOLTS) hfe, DC CURRENT GAIN 


6y, TEMPERATURE COEFFICIENT (mV/°C) 


NPN 


PNP 


FIGURE 1 — DC CURRENT GAIN 
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oy, TEMPERATURE COEFFICIENT (mV/°C) 
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FIGURE 4 — COLLECTOR SATURATION REGION 
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FIGURE 5 — TURN-ON TIME 
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FIGURE 6 — TURN-OFF TIME 
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FIGURE 7 — CURRENT-GAIN — BANDWIDTH PRODUCT 
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MAXIMUM RATINGS 


Rating 


MPQ6842 


CASE 646-05, TYPE 2 


om TO-116 


Transistor 


Total Device Dissipation 
@ Ta = 25°C(1) 500 
Derate above 25°C 4.0 
Total Device Dissipation 
825 
6.7 
QUAD 


@ Tc = 25°C 
Derate above 25°C 
(1) Second Breakdown occurs at power levels greater than 3 times the power COMPLEMENTARY PAIR 
dissipation rating. TRANSISTOR 
THERMAL CHARACTERISTICS PNP/NPN SILICON 


Junction to {| Junction to 
Characteristic Case 


Thermal Resistance Each Die 151 
Effective, 4 Die 5 
Coupling Factors Q1-04 or Q2-03 
Q1-Q2 or Q3-04 


ELECTRICAL CHARACTERISTICS (Ta, = 25°C unless otherwise noted.) 


p Characteristic | Symbol | min | typ [Max [Unit 
OFF CHARACTERISTICS 
| Merceo | 30 [| ~ | — [vac | 
Cc 


Collector-Emitter Breakdown Voltage(2) (Ic = 10 mAdc, Ip = 0) 


Collector-Base Breakdown Voltage (Ic = 10 wAdc, IE = 0) V(BR)CBO | 30 | hv — | hv 


Hood 


Collector Cutoff Current (Vcg = 20 Vdc, IE = 0) ICBO pee 
Emitter Cutoff Current (VEB = 3.0 Vdc, Ic = 0) | EBO 
hFE 30 
(I¢ = 1.0 mAdc, VcgE = 1.0 Vdc) 50 
(Ic = 10 mAdc, VcgE = 1.0 Vdc) 70 ; 


ON CHARACTERISTICS(2) 
Collector-Emitter Saturation Voltage (Ic = 0.5 mAdc, Ip = 0.05 mAdc, VCE(sat) Vde 
o°c <= T < 70°C) 


Emitter-Base Breakdown Voltage (IE = 10 wAdc, Ic = 0) V(BR)EBO AO ee oe Wide 
DC Current Gain (Ic = 0.5 mAdc, Vcg = 1.0 Vdc) 
Base-Emitter Saturation Voltage (Ic = 0.5 mAdc, Ip = 0.05 mAdc) VBE(sat) | | 09 | Vde | 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product(2) fr 
(Ic = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 
Output Capacitance Cobo 4.5 | pF 
(VcB = 5.0 Vdc, IE = 0, f = 100 kHz) , 
Input Capacitance Cibo . 
(VERB = 0.5 Vde, Ic = 0, f = 100 kHz) 10 
8.0 
SWITCHING CHARACTERISTICS (Ta = 25°C, Vcc = 5.0 Vdc) 
Propagation Delay Time 
(50% Points TP1 to TP3) tPLH 25 
(50% Points TP2 to TP4) tPHL 15 


Rise Time tr 
(0.3 V to 4.7 V, TP3 or TP4) 

Fall Time tf 20 
(4.7 V to 0.3 V, TP3 or TP4) 


(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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PNP 


FIGURE 1 — DC enoner. GAIN 
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FIGURE 3 — TEMPERATURE COEFFICIENTS 
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FIGURE 4 — COLLECTOR SATURATION REGION 
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FIGURE 5 — SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS 


Vcc 
33 pF +5 V 
5 
ie T 0.1 uF Ceramic 
4.7 k 7 = 
1/4 MC3001 (74HO8) 22 
|) (O) TP3 NOTES: 
1. Unless otherwise noted, all resistors 
TP1©) eS Pr 10 ~160 pF carbon composition % W +5%, all 
capacitors dipped mica +2%. 
— ——— a 2. Use short interconnect wiring with 
= 2 ~ = good power and ground busses. 
3 3. TP1 thru TP4 are coaxial connectors to 
10k accept scope probe tip and provide a 
Pulse good ground. 
Generator -j = 4. Device under test is MPQ6842. 
Oto5V 51 ce 5. 160 pF load does not include stray 
tp, te < 2 ns 33 pF +5V or scope probe capacitance. 
PW ~ 200 ns 6. Scope probe resistance > 5 kf. 
Period ~ 1000 ns “—=— 10 Scope probe capacitance < 10 pF. 
0.1 “wF Ceramic 
k = 
1/4 MC3000 22 TP1 or TP2 50% 
(74HOO) 
p |» fO) TP4 tPHL 
TP2 ©) 68pF 10 ‘an 
— ai = = TP3 or TP4 
13 
10k 12 
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A SR er, we ERE, Ee 


MAXIMUM RATINGS 
eae oo ee 
| one wr Voge fet a eo a 

-ColectorBesevoage ___| Vepo {| 160 | 200 | 280 | vae_ 

|Emitter-Base Voltage | Vepo | | 

| Collector Current — Continuous | Current — Continuous fo tc {| 00s me 

eee ee | 
Die Equal Power 


Total Device Dissipation 
@ Tp = 25°C 
Derate above 25°C 


Total Device Dissipation 
@ Tc = 25°C 
Derate above 25°C es 


Operating and Storage Junction | Ty, Tstg —55 to + 150 
Temperature Range 
QUAD THERMAL CHARACTERISTICS 
AMPLIFIER TRANSISTOR Junction to | Junction to 
Characteristic Case Ambient 

en oaseon Thermal Resistance Each Die 167 °C/W 

Effective, 4 Die 73.5 °C/W 
Coupling Factors Q1-04 or Q2-03 
Q1-Q2 or 03-04 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Collector-Emitter Breakdown Voltage 

(I¢ = 1.0 mAdc, Ip = 0) MPQ7041 
. MPQ7042 
MPQ7043 


MPQ7041 
MPQ7042 
MPQ7043 


CASE 646-05, STYLE 1 
| TO-116 


Refer to MPQ7051 for graphs. 


OFF CHARACTERISTICS 


V(BR)CEO 

Collector-Base Breakdown Voltage 
(I¢ = 100 pAdc, IE = 0) MPQ7041 
MPQ7042 


V(BR)CBO ‘Vde 
| 150 
MPQ7043 250 


Emitter-Base Breakdown Voltage | V(BR)EBO 
(le = 100 wAde, Ic = 0) 


Collector Cutoff Current ICBO nAdc 
100 
100 
100 


(VcB = 120 Vdc, IE = 0) MPQ7041 
FE 


(VcB = 150 Vdc, Ie MPQ7042 
(VcB = 180 Vdc, IE MPQ7043 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 1.0 mAdc, Vce = 10 Vdc) 
(Ic = 10 mAdc, Vcg = 10 Vdc) 
(ic = 30 mAdc, VcE = 10 Vde) 


Collector-Emitter Saturation Voltage VCE(sat) 
(I¢ = 20 mAdc, Ig = 2.0 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) 0.7 
(I¢ = 20 mAdc, Ip = 2.0 mAdc) : 
SMALL-SIGNAL CHARACTERISTICS | 


Current-Gain — Bandwidth Product 
(Ic = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 


Output Capacitance 


a = 


(VcB = 20 Vdc, Ie = 0, f = 1.0 MHz) 


Input Capacitance 
(VeB = 3.0 Vdc, Ic = 0, f = 1.0 MHz) 
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MAXIMUM RATINGS 


pares] Unit | 
[250 | va 


Vdc 


mere ee MPQ705i 
ae 


MPQ7052 
MPQ7053 


Four Die 
Equal 


CASE 646-05, TYPE 2 
TO-116 


Total Device Dissipation 
@ Ta = 25°C 
Derate above 25°C 
Total Device Dissipation 
@ Tc = 25°C 
Derate above 25°C 


QUAD 
THERMAL CHARACTERISTICS COMPLIMENTARY PAIR 


; : TRANSISTOR 
Characteristic Case Ambient NPN/PNP SILICON 
Thermal Resistance Each Die 167 °C/W 
Effective, 4 Die 73.5 °C/W 
Coupling Factors Q1-04 or Q2-03 56 % 
Q1-Q2 or Q3-04 10 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit _| 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(Ic = 1.0 mAdc, lp = 0) MPQ7051 
MPQ7052 
MPQ7053 


Collector-Base Breakdown Voltage — V(BR)CBO 
(Ic = 100 wAdc, IE = 0) MPQ7051 
MPQ7052 
MPQ7053 


Emitter-Base Breakdown Voltage 
(IE = 100 nAdc, Ic = 0) 


Collector Cutoff Current 
(VcB = 120 Vde, Ie = 0) MPQ7051 
(VcB = 150 Vdc, IE = 0) MPQ7052 
(VcB = 180 Vdc, Ie = 0) MPQ7053 


Emitter Cutoff Current 
(VBE = 3.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain (Ic = 1.0 mAdc, VcE = 
(i¢ = 10 mAdc, VcgF = 10 Vdc) 


E 
(I¢ = 30 mAdc, VcgE = 10 Vdc) 


Collector-Emitter Saturation Voltage (Ic = 20 mAdc, Ip = 2.0 mAdc) VCE(sat) | — | 07 | Vde | 
Base-Emitter Saturation Voltage (Ic = 20 mAdc, Ig = 2.0 mAdc) . VBE(sat) | — | 09 | Vde | 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 10 mAdc, VcE = 20 Vde, f = 100 MHz) 


Output Capacitance 


10 Vdc) 


(Veg = 20 Vdc, Ic = 0, f = 1.0 MHz) 


Input Capacitance 
(VEB = 3.0 Vdc, Ic = 0, f = 1.0 MHz) 
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MPQ7051, MPQ7052, MPQ7053 


DC CHARACTERISTICS 


NPN PNP 


FIGURE 1 — DC CURRENT GAIN 
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MAXIMUM RATINGS 


MPQ7091 
MPQ7092 
MPQ7093 


[200 | 250 | Vdc 


CASE 646-05, STYLE 1 
TO-116 


Tota! Device Dissipation 
@ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation 


@ Tc = 25°C 
Derate above 25°C 10 mWw/°C 
Operating and Storage Junction | Ty, Tstg —55 to +150 °C 
Temperature Range 
THERMAL CHARACTERISTICS | QUAD 


AMPLIFIER TRANSISTOR 


PNP SILICON 


Junction to | Junction to 
Characteristic Case Ambient 
Thermal Resistance Each Die 100 167 °C/W 
Effective, 4 Die 39 73.5 °C/W 
Coupling Factors Q1-04 or Q2-03 % 
Q1-Q2 or 03-04 % 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(Ic = 1.0 mAdc, Ip = 0) MPQ7091 150 
MPQ7092 200 
MPQ7093 250 


Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 100 »Adc, IE = 0) * MPQ7091 150 
MPQ7092 200 
MPQ7093 250 


Refer to MPQ7051 for graphs. 


Emitter-Base Breakdown Voltage 
(IE = 100 pAdc, Ic = 0) 


Collector Cutoff Current . 0 
(Vcg = 120 Vde, Ie = 0) MPQ7091 
(Vcp = 150 Vdc, Ip = 0) MPQ7092 
(Vcp = 180 Vde, Ip = 0) MPQ7093 ~ 


Emitter Cutoff Current 
(VBE = 3.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain (Ic = 1.0 mAdc, VcgE = 10 Vdc) 
(I¢ = 10 mAdc, VcgE = 10 Vdc) 
(I¢ = 30 mAdc, VcgE = 10 Vdc) 


Collector-Emitter Saturation Voltage (Ic = 20 mAdc, Ip = 2.0 mAdc) VCE(sat) 


Base-Emitter Saturation Voltage (Ic = 20 mAdc, Ip = 2.0 mAdc) VBE(sat) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product . fr 
(ic = 10 mAdc, VcE = 20 Vde, f = 100 MHz) 
: fe | 


Output Capacitance Cobo 
(VcB = 20 Vdc, IE = 0, f = 1.0 MHz) . 


Input Capacitance ibo 
(VERB = 3.0 Vdc, Ic = 0, f = 1.0MHz) © 


MQ982 For Specifications, See MD982 Data. 
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CASE 20-03 CASE 22-03 CASE 27-02 CASE 29-02 


CASE 29-03 CASE 79-02 CASE 317-01 CASE 632-02 


TO-92 TO-39 MACRO-X TO-116 


The data sheets on the following pages are designed to em- 
phasize those FET’s that by virtue of widespread industry use, 
ease of manufacture, and consequently low relative cost, merit 
first consideration for new equipment design. Package options 
from low-cost plastic to metal packages are available. 


CAUTION: 


Static electricity is a surface phenomenon which most com- 
monly occurs when two dissimilar materials come into contact 
and then separate. Electro Static Discharge (ESD) damage of 
semiconductor components by operating personnel is quickly 
becoming a very prominent and significant problem. From simple 
bipolar designs to sensitive MOSFET structures, ESD has its 
unforgiving effect of degradation or destruction. 

Motorola believes it is important to extend an emphasizing 
note of cautiousness when handling and testing ANY FET prod- 
uct. Precautions include, but are not limited to, the implemen- 
tation of static safe workstations and proper handling techniques 
(see below). Additionally, itis very important to keep FET devices 
in their antistatic shipping containers and away from any static- 
generating materials. 


HANDLING CONSIDERATIONS: 


MOS Field-Effect Transistors, due to their extremely high input 
resistance, are subject to potential damage by the accumulation 
of excess static charge. To avoid possible damage to the devices 
while handling, testing, or in actual operation, the following pro- 
cedure should be followed: 

1. The leads of the devices should remain wrapped in the 
shorting spring except when being tested or in actual op- 
eration to avoid the build-up of static charge. 

2. Avoid unnecessary handling; when handled, the devices 
should be picked up by the can instead of the leads. 

3. The devices should not be inserted or removed from cir- 
cuits with the power on as transient voltages may cause 
permanent damage to the devices. 


Field-Effect 
Transistors 


2N2608 
2N2609 


CASE 22-03, STYLE 12 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 


JFET 
GENERAL PURPOSE 


P-CHANNEL — DEPLETION 


Gate Current 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Refer to 2N5460 for graphs. 


_ ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Characteristic [symbol [min [Max [Unie | 


Gate-Source Breakdown Voltage V(BR)GSS. Vdc 
Gate Reverse Current less 10 nA 
(Vgsg = 5.0 V) 
Gate Source Cutoff Voltage VGS(off) 1.0 Vdc 
(Vps = —5.0V, Ip = —1.0 A) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vps = —5.0 V, Ves = 0 V) 2N2608 
2N2609 


OFF CHARACTERISTICS 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = —5.0 V, f = 1.0 kHz) 2N2608 
2N2609 


Input Capacitance 
_(Vps = —5.0 V, Vgs = 1.0 V, f = 140 kHz) 2N2608 
2N2609 


FUNCTIONAL CHARACTERISTICS 
Noise Figure 


(Vps = —5.0 V, f = 1.0 kHz, R = 1.0 meg) 
*Pulse Width < 100 msec., Duty Cycle < 10%. 
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2N2843 
2N2844 


CASE 22-03, STYLE 22 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 


Drain-Source Voltage 


| Symbol _| 
| Vos _ 
Drain-Gate Voltage 
|GateSource Voltage | s | 80 | Vd 
Drain Current ' a 
Total Device Dissipation @ Ta = 25°C [oe |, cee 
Derate above 25°C 1.7 mWw/°C 


Storage Temperature Range . — 60 to +200°¢]} °C | 


JFET 
GENERAL PURPOSE 


P-CHANNEL — DEPLETION 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


po haracteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage V(BR)GSS Vdc 
(ig = 1.0 pA) 
Gate Reverse Current IGss nA 
(Vgg = 5.0 V) } 
Gate Source Cutoff Voltage VGS(off) 1.7 Vdc 
(Vps = —5.0 V, Ip = —1.0 pA) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vps = —5.0 V) 2N2843 
2N2844 


SMALL-SIGNAL CHARACTERISTICS _ 


Forward Transfer Admittance 
(Vps = —5.0 V, f = 1.0 kHz) 2N2843 
, 2N2844 


Input Capacitance 
(Vps = —5.0V, Vgs = 1.0 V, f = 140 kHz) 2N2843 
2N2844 


FUNCTIONAL CHARACTERISTICS 
Noise Figure 


(Vps = —5.0 V, f = 1.0 kHz, Rg = 1.0 meg) 
*Pulse Width < 630 ms, Duty Cycle = 10%. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


2N3330 


CASE 20-03, STYLE 5 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 


JFET 
AMPLIFIER 


P-CHANNEL — DEPLETION 
Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Refer to 2N5460 for graphs. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Characteristic | Symbot_ | Min | Max | Unit _| 


OFF CHARACTERISTICS 


| Gate-Source Breakdown Voltage 
| (ig = 10 wAdc, Vps = 0) 


Gate Reverse Current 
(VGs = 10 Vde, Vps = 0) 
(VGs = 10 Vde, Vps = 0, Ta = 150°C) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(1) 
(Vps = —10 Vdc, Veg = 0) 


Gate-Source Voltage 
(VpG = —15 Vde, Ip = 10 wAdc) 


Drain-Source Resistance 
(Ip = 100 pAdc, Veg = 0) 
SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance(1) 
(Vps = —10 Vdc, Ip = 2.0 mAdc, f = 1.0 kHz) 
(Vps = —10 Vdc, Ip = 2.0 mAdc, f = 10 MHz) 


Output Admittance 
(Vps = —10 Vdc, Ip = 2.0 mAdc, f = 1.0 kHz) 


Reverse Transfer Conductance 
(Vps = —10 Vdc, Ip = 2.0 mAdc, f = 1.0 kHz) 


Input Conductance 
(Vps = —10 Vde, Ip = 2.0 mAde, f = 1.0 kHz) 


Input Capacitance 
(Vps = —10 Vdc, VGsg = 1.0 Vde, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 
Noise Figure 


(Vps = —5.0 Vde, Ip = 1.0 mAdc, Rg = 1.0 Megohm, f = 1.0 kHz) 
(1) Pulse Test: Pulse Width < 630 ms, Duty Cycle < 10%. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


teh an BE Yiteh, time SW an Fe a 


2N3331 


CASE 20-03, STYLE 5 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 
| Rating =| Symbol | Value | Unit 
| Drain-Source Voltage | SVs | 0] 
|Drain-Gate Voltage =| SVG | S| 
|Gate-Source Voltage | SS | 
Total Device Dissipation @ Ta = 25°C Le oe mW 
Derate above 25°C 1.7 mW/°C 


Storage Temperature Range —65 to +200 


JFET 
LOW-FREQUENCY 


P-CHANNEL — DEPLETION 


Refer to 2N5460 for graphs. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


po haracteristic | Symbot | Min | Max | unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage V(BR)GSS Vde 
(Ig = 10 pA) i 

Gate Reverse Current nA 
(VGs = 10 V, Vps = 0) 

Gate Source Cutoff Voltage VGS(off) Vdc 
(Vps = —15V, Ip = —10 pA) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vps = —10V, Veg = 0 V) 


Drain-Source Resistance © 
(Ip = —100 pA, Veg = 0) 
SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 


lvés|* 4000 ymhos 
(Vps = —10V, Ip = —5.0 mA, f = 1.0 kHz) 
Output Admittance lYos|* - pmhos 
(Vps = -10V, Ip = —2.0 mA, f = 1.0 kHz) 


Forward Transfer Admittance * pmhos 


Yfs 
(Vps = —10V, Ip = —2.0 mA, f = 10 MHz) . 
Input Capacitance Ciss 
(Vps = —10V, Ves = 1.0 V, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 
Noise Figure 


(Vps = —5.0V, Ip = —1.0 mA, Rg = 1.0 MQ, f = 1.0 kHz) 
*Pulse Width < 300 ps, Duty Cycle < 10%. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


6-5 


Etna le Nan tM cn A AE tne cane ee 


2N3436 
2N3437 
2N3438 


CASE 22-03, STYLE 4 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 


|) Rating | Symbol 
Drain-Gate Voltage VDG 
: VGS 


JFET 
LOW-FREQUENCY 


N-CHANNEL — DEPLETION 


Gate-Source Voltage | Ves | 50 |v 
Gate Current | ig | 0 | ma 


Total Device Dissipation @ Ta = 25°C 300 mW 
Derate above 25°C 1.7 mW/°C 


Storage Temperature Range —65 to +200 °C 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot_| min | Max | Unit _| 
OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage ViBR)GSS Vdc 
(lg = 1.0 A) 

Gate Reverse Current I6ss nA 

~ (Ves = —30V) 


Gate Source Cutoff Voltage VGS(off) Vdc 
(Vps = 20 V, Ip = 1.0 nA) 2N3436 
2N3437 
2N3438 
Gate Source Voltage VGS Vdc 
(Vps = 20 V, Ip = 1.0 pA) 2N3436 : 
2N3437 . 
2N3438 : 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vps = 20 V) 2N3436 
2N3437 
2N3438 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = 20 V, f = 1.0 kHz) 2N3436 
2N3437 
2N3438 


Output Admittance 
(Vps = 30 V, f = 1.0 kHz) 2N3436 
2N3437 
2N3438 


input Capacitance 
(Vps = 10 V) 2N3436 
(Vps = 6.0 V) 2N3437 
(Vps = 4.0 V, f = 1.0 MHz) 2N3438 


FUNCTIONAL CHARACTERISTICS 


Noise Figure | 
(Vps = 10 V, Rg = 1.0 mQ, f = 1.0 kHz) 


*Pulse Width < 630 msec, Duty Cycle < 10%. 


MOTOROLA SEMICONDUCTORS | SMALL-SIGNAL DEVICES 


2N3458 
2N3459 
2N3460 


CASE 22-03, STYLE 4 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 


JFET 
LOW-FREQUENCY/ 
LOW NOISE 


N-CHANNEL — DEPLETION 


Gate Current 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Storage Temperature Range 


= e5i0 +20 [| 


T stq 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage V(BR)GSS 
(ig = 1.0 pA) 

Gate Reverse Current less 
(VGs = —30V) 


Gate Source Cutoff Voltage VGS(off) 
(Vps = 20, Ip = 1.0 uA) 2N3458 


2N3459 
2N3460 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain 
(Vps = 20 Volts) ; 2N3458 
; 2N3459 
2N3460 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = 20 Volts, f = 1.0 kHz) 2N3458 
2N3459 
2N3460 


Output Admittance 
(Vps = 30 Volts, f = 1.0 kHz) 2N3458 
2N3459 
2N3460 


Input Capacitance. 
(Vps = 10 V) 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vps = 10 V, f= 20 Hz, Rg = 1.0 MQ) 2N3458 


2N3459 
2N3460 


*Pulse Width < 100 msec, Duty Cycle < 10%. 


SMALL-SIGNAL DEVICES | | MOTOROLA SEMICONDUCTORS 


2N3796 
2N3797 


CASE 22-03, STYLE 2 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 


Symbol_| Value | Unit__| 
2N3796 


Drain-Source Voltage Vps Vde 
2N3797 


Gate-Source Voltage ies fe 
Drain Current | tp | 0 | mae 


Total Device Dissipation @ Ta = 25°C 200 

Derate above 25°C 1.14 mee 
Junction Temperature Range ae ee 
Storage Channel Temperature Range -65 to +200 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot_| Min | typ | Max | Unit _| 


“ -ale|-|*. 
“ Serine 
(Ip = 0.5 vA, Vps = 10 V) 2N3796 


VGS(off) 
(Ip = 2.0 vA, Vps = 10 V) 2N3797 : 
Drain-Gate Reverse Current(1) pAdc 
(VpG = 10 V, Ig = 0) 


ON CHARACTERISTICS 
Zero-Gate-Voltage Drain Current 


(Vps = 10 V, Veg = 0) | 2N3796 
2N3797 


MOSFET 
LOW-POWER AUDIO 


N-CHANNEL — DEPLETION 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
(V6s = —4.0V, Ip = 5.0 uA) 2N3796 
(VGs = —7.0 V, ID = 5.0 uA) 2N3797 


Gate Reverse Current(1) 
(VGs = —10V, Vps = 0) 
(VGs = —10V, Vps = 0, Ta = 150°C) 


Gate Source Cutoff Voltage 


On-State Drain Current ; 
(Vps = 10 V, Ves = +3.5 V) 2N3796 
: 2N3797 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = 10 V, Vgs = 0, f = 1.0 kHz) 2N3796 
2N3797 


(Vps = 10 V, Ves = 0, f = 1.0 MHz) 2N3796 
2N3797 
Output Admittance | 
(Vps = 10 V, Vgs = 0, f = 1.0 kHz) 2N3796 
2N3797 
Input Capacitance . 
(Vps = 10 V, VGsg = 0, f = 1.0 MHz) . 2N3796 
2N3797 
Reverse Transfer Capacitance 
(Vps = 10 V, Veg = 0, f = 1.0 MHz) 
FUNCTIONAL CHARACTERISTICS 


Noise Figure 


(Vps = 10 V, Ves = 0, f = 1.0 kHz, Rg = 3 megohms) 


(1) This value of current includes both the FET leakage current as well as the leakage current associated with the test socket and fixture 
when measured under best attainable conditions. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


2N3796, 2N3797 


Ip, DRAIN CURRENT (mA) 


Ves, GATE - SOURCE VOLTAGE (VOLTS) 


TYPICAL DRAIN CHARACTERISTICS 


FIGURE 1 — ~ 2N3796 
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FIGURE 2 — 2N3797 
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COMMON SOURCE TRANSFER CHARACTERISTICS 


FIGURE 3— 2N3796 
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SMALL-SIGNAL DEVICES 
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Ves, GATE-SOURCE VOLTAGE (VOLTS) 


FIGURE 4— 2N3797 
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MOTOROLA SEMICONDUCTORS 


2N3796, 2N3797_ 


FIGURE 5 — FORWARD TRANSFER ADMITTANCE FIGURE 6 — OUTPUT ADMITTANCE 
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MOTOROLA SEMICONDUCTORS . SMALL-SIGNAL DEVICES 
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2N3821 
2N3822_ 
2N3824 


CASE 20-03, STYLE 1 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 


[Drain-Source Voltage | Ss S| S| 
ae ceevelige vee 
Co as eee 
Total Device Dissipation @ Ta = 25°C Ee eae 
Derate above 25°C 2.0 mW/°C 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


JFET 
LOW FREQUENCY, LOW NOISE 


N-CHANNEL — DEPLETION 
JAN 2N3821 AND JAN 2N3822 AVAILABLE 


Refer to 2N4220 for graphs. 


po haracteristic | Symbol | Min] Max | Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage V(BR)GSS 
(Ig = —1.0 wAde, Vps = 0) : 


Gate Reverse Current I6ss pa 


n 
Vde 


(VGs = —30 Vdc, Vps = 0) 
(VGs = —30 Vdc, Vps = 0, Ta = 150°C) 
Gate Source Cutoff Voltage 


(Ip = 0.5 nAdc, Vpg = 15 Vdc) 2N3821 
2N3822 


—0.1 
— 100 


Gate Source Voltage 
(Ip = 50 wAdc, Vpg = 15 Vdc) 2N3821 
(Ip = 200 wAdc, Vps = 15 Vdc) 2N3822 


Drain Cutoff Current 
(Vps = 15 Vdc, Vgg = —8.0 Vdc) 2N3824 
(Vps = 15 Vdc, VGsg = —8.0 Vdc, Ta = 150°C) 2N3824 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(1) 
(Vps = 15 Vdc, VGs = 0) 2N3821 


mAdc 
0.5 2.5 
2N3822 2.0 10 
Static Drain-Source On Resistance 'DS(on) 250 Ohms 
(VGs = 0, Ip = 0, f = 1.0 kHz) 2N3824 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = 15 Vde, Vgs = 0, f = 1.0 kHz)(1) 2N3821 
2N3822 


(Vps = 15 Vde, Vgs = 0, f = 100 MHz) 2N3821 
7 2N3822 


Output Admittance(1) 
(Vps = 15 Vdc, Ves = 0, f = 1.0 kHz) 2N3821 
‘ 2N3822 


Input Capacitance 
(Vps = 15 Vde, Vgs = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 15 Vdc, Ves = 0, f = 1.0 MHz) 2N3821 
2N3822 


(VGs = —8.0 Vde, Vps = 0, f = 1.0 MHz) 2N3824 


SMALL-SIGNAL DEVICES MOTOROLA SEMICON DUCTORS 
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2N3821, 2N3822, 2N3824 


Characteristic 


~ FUNCTIONAL CHARACTERISTICS 
Noise Figure 


(Vps = 15 Vdc, VGs = 0, Rg = 1.0 megohm, 
f = 10 Hz, Noise Bandwidth = 5,0, Hz) 


Equivalent Input Noise. Voltage 


(Vps = 15 Vde, Ves = 0, f = 10 Hz, 
Noise Bandwidth = 5.0 Hz) 


(1) Pulse Test: Pulse Width < 100 ms, Duty Cycle < 10%. 


MOTOROLA SEMICONDUCTOR SMALL-SIGNAL DEVICES 
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2N3823 


JAN, JANTX AVAILABLE 
CASE 20-03, STYLE 1 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 
| Rating =| Symbol | Value | Unit | 
[DrainGate Voltage ——~=~S~*~tC~w (SYS «dC 
-SeteSeure Vorege vos | aft _ ve 
Gate Current | ig | 10s made 
Total Device Dissipation @ Ta = 25°C ee 
Derate above 25°C 2.0 ae 
| Junction TemperatureRange | Ty | 175 
ee eee 


JFET 
VHF AMPLIFIER 


N-CHANNEL — DEPLETION 


Refer to 2N4416 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot_ | Min | Mex | Unit _| 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage V(BR)GSS Vde 
(Ig = —1.0 pAdc, Vps = 0) 

Gate Reverse Current IGss nAdc 
(VGs = —20 Vdc, Vps = 0) 
(VGs = —20 Vdc, Vps = 0, Ta = 150°C) 

Gate Source Cutoff Voltage VGS(off) 
(Ip = 0.5 nAdc, Vps = 15 Vdc) 

Gate Source Voltage 
(Ip = 0.4 mAdc, Vps = 15 Vdc) 


ON CHARACTERISTICS | 


Zero-Gate-Voltage Drain Current(1) mAdc 
(Vps = 15 Vdc, Ves = 0) 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = 15 Vde, Vgsg = 0, f = 1.0 kHz)(1) 
(Vps = 15 Vde, Vgg = 0, f = 200 MHz) 


Input Admittance Re(yjs) 800 pemhos 
(Vps = 15 Vde, Vgsg = 0, f = 200 MHz) 


Output Conductance 
(Vps = 15 Vdc, Vg 
(Vps = 15 Vdc, VG 


Input Capacitance Ciss 
(Vps = 15 Vde, Ve6s = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss 
(Vps = 15 Vde, Vgg = 0, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 


an 


(Vps = 15 Vdc, Vgg = 0, Rs = 1000 ohms, f = 100 MHz) 
(1) Pulse Test: Pulse Width = 100 ms, Duty Cycle < 10%. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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| 
: 
| 
| 
. 


2N3909,A 


CASE 20-03, STYLE 5 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 
ee nee es AT 
|Drain-Gate Voltage = | SVG | 20 | Ve 
Vde 
| Forward Gate-Source Voltage ss |_—“VGsrF_ | 20 

Total Device Dissipation @ Ta = 25°C oe mW 

Derate above 25°C mWw/°C 


Storage Temperature Range Tsto —65 to +200 


JFET 
AMPLIFIER 


P-CHANNEL — DEPLETION 


Refer to 2N5460 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) (1) 


Characteristic | Symbol | Min | Max | Unit 
Gate-Source Breakdown Voltage ViBR)GSS Vdc 
(Ig = 10 wAdec, Vps = 0) 
Gate Reverse Current 
nAdc 
pAdc 
VGS\(off) Vde 
8.0 
8.0 


OFF CHARACTERISTICS 


Gate Source Cutoff Voltage 
(Vps = —10 Vdc, Ip = 10 wAdc) 2N3909 
2N3909A 


ON CHARACTERISTICS 


Zero-Gate-Voitage Drain Current(2) 
(Vps = —10 Vdc, Ves = 0) 2N3909 
2N3909A 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance(2) 
(Vps = —10 Vdc, Vgsg = 0, f = 1.0 kHz) 2N3909 
2N3909A 


(Vps = —10 Vdc, Veg = 0, f = 10 MHz) 2N3909 
2N3909A 


Output Admittance 
(Vps = —10 Vde, Vgsg = 0, f = 1.0 kHz) 


Input Capacitance 
(Vps = —10 Vde, V6s = 0, f = 1.0 MHz) 2N3909 
2N3909A 


Reverse Transfer Capacitance 
(Vps = —10 Vdc, Veg = 0, f = 1.0 MHz) 2N3909 
2N3909A 


(1) The fourth lead (case) is connected to the source for all measurements. ~ 
(2) Pulse Test: Pulse Width < 630 ms, Duty Cycle < 10%. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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2N3966 


CASE 20-03, STYLE 1 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 


Rating 


Gate Current 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C (Free Air) 


Lead Temperature TL 300 °C 
(1/16" from Case for 10 Seconds) 


Storage Temperature Range ~ 55 to 200 ease 


JFET 
HIGH- FREQUENCY AMPLIFIER 


N-CHANNEL — DEPLETION 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


| Characteristic | Symbot | Min | Max | Unit | 


- OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage V(BR)GSS 
(Ig = 1.0 vA, Vps = 0) 
Gate Reverse Current Iigss” 
(VGs = 20 V, Vps = 0) . 
Drain Cutoff Current ID(off) 2.0 A 
(Vpsg = 10 V, Veg = —7.0 V, Ta = 150°C) 
Gate Source Cutoff Voltage VGS(off) Vdc 
(Ip = 10 nA, Vps = 10 V) 
ON CHARACTERISTICS 
Zero-Gate-Voltage Drain Current 
(Vps = 20 V, Ves = 0) 
Drain-Source “ON” Voltage 
(Ip = 1.0 mA, Vgg = 0 V) 
Drain Reverse Current 
(VpG = 20 V, Is = 0A) (25°C) 
(150°C) 


Static Drain-Source On Resistance 
(VGs = OV, Ip = 0, f = 1.0 kHz) 


SMALL-SIGNAL CHARACTERISTICS 


Input Capacitance 
(Vps = 20 V, Ves = OV, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 0V, Ves = 7.0 V, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS 


Delay Time (See Figure 1) ee ae ae 
Rise Time (See Figure 1) | a 
Turn-Off Time (See Figure 1) toff 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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| 2N3970 
2N3971 
-2N3972 


CASE 22-03, STYLE 4 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 


Forward Gate Current 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


fF Characteristic | Symbot | Min | Max | Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage. (Ig = 1.0 uAdc, VGs = 0) V(BR)GSS | 40 | — | Vde | 
Gate Reverse Current (VGs = 20 Vdc, Vps = 0) I6ss | — | 250 | pAde | 


Drain Reverse Current (VpG = 20 Vdc, Ig = 0) pAdc 
(VpG = 20 Vdc, Is = 0, Ta = 150°C) nAdc 


Drain Cutoff Current (Vps = 20 Vde, Vgg = —12 Vdc) 


JFET 
SWITCHING 


N-CHANNEL — DEPLETION 


(Vps = 20 Vdc, Vgg = —12-Vde, Ta = 150°C) 


Gate Source Voltage (Vps = 20 Vdc, Ip = 1.0 nAdc) 2N3970 
2N3971 
2N3972 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(1) (Vps = 20 Vdc, Vgés 2N3970 mAdc 
2N3971 75 
. 2N3972 30 
Drain-Source On-Voltage (Ip = 20 mAdc, VGs = 0) 2N3970 VDS\(on) Vdc 
(Ip = 10 mAdc, Vgg = 0) 2N3971 , 
(Ip = 5.0 mAdc, Ves = 0) 2N3972 
Static Drain-Source On Resistance (Ip = 1.0: mAdc, VGs 2N3970 'DS(on) 
_ 2N3971 
2N3972 


SMALL-SIGNAL CHARACTERISTICS 


Drain-Source “ON” Resistance (VGs = 0, Ip = 0,'f = 1.0 kHz) 2N3970 ~ 
2N3971 
2N3972 


Input Capacitance (Vps = 20 Vdc, Vgs = 0, f = 1.0 MHz) . 
Reverse Transfer Capacitance (Vps = 0,VGs = —12 Vde, f = 1.0 MHz) 
SWITCHING CHARACTERISTICS 


Turn-On Test Condition for 2N3970: 
Delay Time (Vpp = 10 Vdc, VGsion) = 9, 2N3970 
ID(on) = 20 mAdc, VGs(off) = 10 Vde) 2N3971 
Sein 2N3972 


Test Condition for 2N3971: 
Rise Time (Vpp = 10 Vdc, VGsi(on) = 2, 2N3970 
ID(on) = 10 mAdc, VGsi(on) = 5.0 Vde) 2N3971 
2N3972 


Test Condition for 2N3972: 
Turn-Off Time (Vpp = 10 Vdc, VGs(on) = 2, 2N3970 
ID(on) = 5.0 mAdc, VGS(off) = 3.0 Vde) 2N3971 
2N3972 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 3.0%. 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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2N3993,A 
2N3994,A 


CASE 20-03, STYLE 5 
TO-72 (TO-206AF) | 


MAXIMUM RATINGS 


| Rating | Symbol 
[Drain-Source Voltage | Vs, | 28 | Vide 
| Vase _| 


v . 

Vesr_| 25 | Vide 

| Forward Gate Current |e 

Total Device Dissipation @ Ta = 25°C oe mW 
Derate above 25°C 2.0 mWw/°C 


Storage Temperature Range Tstg -—65 to +200 = ae 


JFET 
SWITCHING 


P-CHANNEL — DEPLETION 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) . 


| Characteristic | Symbol | min | Max | Unit _ | 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage V(BR)GSS Vde 
(Ig = 1.0 wAdec, Vps = 0) 
Drain Reverse Current 
nAdc 
Adc 


ID(off) 
nAdc 
pAdc 


VGs Vdc 


(Vps = —10 Vdc, Vgg = 10 Vdc) 2N3993, 2N3993A 
(Vps = —10 Vdc, Vgs = 6.0 Vdc) 2N3994, 2N3994A 
(Vps = —10 Vdc, VGs = 10 Vde, Ta = 150°) 2N3993, 2N3993A 


(Vps = —10 Vdc, Vgs = 6.0 Vde, Ta = 150°) 2N3994, 2N3994A 


Gate Source Voltage 
(Vps = —10 Vde, Ip = —1.0 Ade) 2N3993, 2N3993A 
2N3994, 2N3994A 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(1) 
(Vps = —10 Vde, Ves = 0) 2N3993, 2N3993A 
2N3994, 2N3994A 


SMALL-SIGNAL CHARACTERISTICS 


Drain-Source “ON” Resistance 
(V6s = 9, Ip = 0, f = 1.0 kHz) 2N3993, 2N3993A 
2N3994, 2N3994A 


Forward Transfer Admittance(1) . 
(Vps = —10 Vde, Ves = 0, f = 1.0 kHz) 2N3993 
2N3993A 
2N3994 
2N3994A 


Input Capacitance 
(Vps = —10 Vde, Vgg = 0, f = 1.0 MHz) - 2N3993, 2N3994 
2N3993A, 2N3994A 


Reverse Transfer Capacitance 
(Vps = 0, Vgs = 10 Vdc, f = 1.0 MHz) 2N3993 
2N3993A 


(Vps = 0, Vgs = 6.0 Vde, f = 1.0 MHz) '2N3994 
2N3994A 


(1) Pulse Test: Pulse Width = 100 ms, Duty Cycle < 10%. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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-2N4091_ 
2N4092_. 
-2N4093. 


JAN, JTX AVAILABLE 
CASE 22-03, STYLE 3 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 


Gate Current e 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Junction Temperature Range —-65 to +175 
Storage Temperature Range ~—65 to +175 aera 


JFET 
SWITCHING 
N-CHANNEL — DEPLETION 


Sate 
ios | 
a 
Te] 2 
1 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


arnt «dS to| Min Me] 


OFF CHARACTERISTICS | 

Gate-Source Breakdown Voltage V(BR)GSS Vde 
(Ig = 1.0 wAdc, Vps = 0) . 

Drain-Gate Breakdown Voltage | V(BR)DGO 
(Ip = 1.0 wAdc, Ig = 0) 


Gate Source Cutoff Voltage VGS(off) 
(Vps = 20 Vdc, Ip = 1.0 nAdc) 2N4091 
. 2N4092 ; ‘ 
2N4093 1.0 


Source Reverse Current 
(VsG = 20 Vdc, Ip = 0) 


| Drain Reverse Current 
(VpG = 20 Vdc, Is = 0) 
(Vpg = 20 Vdc, Ip = 0, Ta = 150°C) 


Drain-Cutoff Current . 
(Vps = 20 Vdc, Ves = 12 Vdc) 2N4091 
(Vps = 20 Vdc, VGg = 8.0 Vdc) * 2N4092 
(Vps = 20 Vdc, Veg = 6.0 Vdc) 2N4093 
(Vps = 20 Vdc, Vgg = 12 Vde, Ta = 150°C) 2N4091 
(Vps = 20 Vdc, Veg = 8.0 Vdc, Ta = 150°C) 2N4092 
(Vps = 20 Vdc, Vgs = 6.0 Vde, Ta = 150°C) 2N4093 


ON CHARACTERISTICS 
Zero-Gate-Voltage Drain Current* 
(Vps = 20 Vdc, Ves = 0) '. 2N4091 
~ 2N4092 
2N4093 


Drain-Source On-Voltage . . hn , 
(ID = 6.6 mAdc, Vgs:= 0) 2N4091 


(ip = 4.0 mAdc, Vgg = 0) a 2N4092 
(Ip = 2.5 mAdc, Vag = 0) | —. 2N4093 


| Static Drain- Source On Resistance. t. 2 | rDS(on) 
(Ip = 1.0 mAdc, Vgés = 0) -2N4091 
~ 2N4092 
2N4093 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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2N4091, 2N4092, 2N4093 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit 


SMALL-SIGNAL CHARACTERISTICS 


Drain-Source “ON” Resistance 
(V6s = 0, Ip = 0, f = 1.0 kHz) 2N4091 
2N4092 
2N4093 


Input Capacitance 
(Vps = 20 Vdc, Vgs = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vos = 0, Vgs = 20 Vdc, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS 


Delay Time (See Figure 1) 
(ID(on) = 6.6 mAdc) 2N4091 
(Ip(on) = 4.0 mAdc) 2N4092 
(IpD(on) = 2.5 mAdc) 2N4093 


Rise Time (See Figure 1) 
(IpD(on) = 6.6 mAdc) 2N4091 
(ID(on) = 4.0 mAdc) 2N4092 
(ID(on) = 2-5 mAdc) 2N4093 


Turn-Off Time (See Figure 1) 
(VGS(off) = +2 Vdc) 2N4091 
(VGSioff) = 8-0 Vdc) 2N4092 
(VGS(off) = 6.0 Vdc) 2N4093 


*Pulse Test: Pulse Width < 300 us, Duty Cycle < 3.0%. 


FIGURE 1 — SWITCHING TIMES TEST CIRCUIT 


VGS(on) = 0 10 
INPUT WAVEFORM : 
tr =tf< 1.0 ns 


TEKTRONIX VGS(off) 
28 


SKL MODEL 561 


503A SAMPLING R= 
OR EQUIV § D(on) 


COPE 
OR EQUIVALENT 


OUTPUT WAVEFORM 


90% 


; 0.20 V MAX 
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2N4117,A 
2N4118,A 
2N4119,A 


CASE 20-03, STYLE 1 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 


C_ating | Syne [ Vane] ont 
TN EL a Ia ae 
[Drain-GateVoltage | Mg | 40 |e 
}GateCurrent | 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Lead Temperature 
(1/16” from case for 10 s) 


JFET 
AMPLIFIER 


N-CHANNEL — DEPLETION 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic _ | Symbol | Min | Max | Unit | 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(ig = -—1.0 wAdc, Vps = 0) 


Gate Reverse Current 
(Vgs = 20 Vdc, Vps = 0) 2N4117,4118,4119 
2N4117A,4118A,4119A 


(Vgg = 20 Vde, Vps = 0, Ta = 150°C) 2N4117,4118,4119 
2N4117A,4118A,4119A 


Gate Source Cutoff Voltage VGS\off) 
(Ip = 1.0 nAdc, Vpg = 10 Vde) 2N4117,A 
2N4118,A 
2N4119,A 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(1) 
(Vps = 10 Vde, Ves = 0) 2N4117,A 
2N4118,A 
2N4119,A 


SMALL-SIGNAL CHARACTERISTICS 


Input Capacitance 
(Vps = 10 Vde, Ves = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 10 Vde, Vgsg = 0, f = 1.0 MHz) 


Forward Transconductance 
(Vps = 10 Vdc, Ves = 0, f = 1.0 kHz) 2N4117,A 
2N4118,A 
2N4119,A 


Output Conductance 
(Vps = 10 Vde, Vgsg = 0, f = 1.0 kHz) 2N4117,A 
2N4118,A 
2N4119,A 


(1) Ipsg is measured during a 2.0-ms interval 100 ms after power is applied. (NOT a JEDEC condition.) 
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2N4117,A, 2N4118,A, 2N4119,A 


FIGURE 2 — TRANSCONDUCTANCE CHARACTERISTICS 


FIGURE 1 — TRANSFER CHARACTERISTICS 


aPkaeONS 
eet TTT 1. 


BRRRREE EE) 
Tit TTA TTP 
LETT AT tel. 
RESTS aa) 
SRERPADZED: 
ep ee 


na aaneel 


(v7) kyaauns aivia 


400 


on og esikes ae ane 


Ves. see aaa VOLTAGE eine 
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Bp aE Ee, ee 


= SS ae Nee 


2N4220 
thru 
2N4222 


2N4220,A 
thru 


2N4222.A MAXIMUM RATINGS 


| Rating =| Symbol | Value | Unit 
[Drain-Source Voltage | SVs | 80] Vde 
| Drain-Gate Voltage = | SVG | 80 |e 
See sourervoreae Lp M8. |e | te 
Drain Current a ee ee 


Total Device Dissipation @ Ta = 25°C mw 
Derate above 25°C mWw/°C 
Junction Temperature Range ae ree ee Sa 
Storage Channel Temperature Range —65 to +200 ae 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


CASE 20-03, STYLE 3 
TO-72 (TO-206AF) 


JFET 
LOW-FREQUENCY, LOW NOISE 


N-CHANNEL — DEPLETION 


a 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage ViBR)GSS eae 
(Ig = —10 pAdc, Vps = 0) 
Gate Reverse Current I6ss baal 
(VGs = —15 Vdc, Vps = 0) 
_ apes 


(Vgs = —15 Vde, Vps = 0, Ta = 150°C) 
VGS 


Gate Source Cutoff Voltage 

(Ip = 0.1 nAdc, Vpg = 15 Vdc) 2N4220,A 
2N4221,A 
2N4222,A 


Gate Source Voltage 
(Ip = 50 wAdc, Vpg = 15 Vdc) 2N4220,A 
(ID = 200 wAdc, Vpsg = 15 Vdc) 2N4221,A 

(Ip = 500 pwAdc, Vps = 15 Vdc) 2N4222,A 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current* 
(Vps = 15 Vde, Vgs = 0) 2N4220,A 

2N4221,A 

2N4222,A 


Static Drain-Source On Resistance 

(Vps = 9, Vgs = 0) 2N4220,A 
2N4221,A 
2N4222,A 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance Common Source* 
(Vps = 15 Vde, Ves = 0, f. = 1.0 kHz) 2N4220,A 
- 2N4221,A 

2N4222,A 


Output Admittance Common Source 

(Vps = 15 Vde, Ves = 0, f = 1.0 kHz) 2N4220,A 
2N4221,A 
2N4222,A 


10 
20 
40 
Input Capacitance Ciss 4.5 pF 
(Vps = 15 Vde, Vgsg = 0, f = 1.0 MHz) | 7 
Reverse Transfer Capacitance . . Crss 1.2 pF 
(Vps = 15 Vde, Ves = 0, f = 1.0 MHz) 


Common-Source Output Capacitance 
(Vps = 15 Vde, Vgg = 0, f = 30 MHz) 
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2N4220 thru 2N4222, 2N4220A thru 2N4222A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


| Characteristic | Symbot_ | min | typ | Max | unit _| 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vps = 15 Vdc, VGs = 0, Rg = 1.0 megohm, 2N4220A 


f = 100 Hz) 2N4221A 
2N4222A 


*Pulse Test: Pulse Width = 630 ms, Duty Cycle = 10%. 


FIGURE 1 — NOISE FIGURE versus FREQUENCY FIGURE 2 — NOISE FIGURE versus SOURCE RESISTANCE 


MT UT 


4 
| NUIIE LM Hur lll) g = 
us \ as 
COMET 
B 2 
= = » 

Bin ; 
: ime CLE TING AM ET 
ME LUN Toe COI ST 
1 i in 
01 0.1 1 10 100 .001 01 0.1 1 10 
f, FREQUENCY (kHz) | Rs, SOURCE RESISTANCE (Megohms) 
FIGURE 3 — TYPICAL DRAIN CHARACTERISTICS FIGURE 4 — COMMON SOURCE TRANSFER CHARACTERISTICS 
V@s(off) = -1.2 VOLTS Ves(off) = -1.2 VOLTS 
z é 
= = 
E 2 
eo eo 
= S 
cel art 
= 2 
Vps, DRAIN-SOURCE VOLTAGE (VOLTS) Ves, GATE-SOURCE VOLTAGE (VOLTS) 
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2N4220 thru 2N4222, 2N4220A thru 2N4222A 


FIGURE 5 — TYPICAL DRAIN CHARACTERISTICS FIGURE 6 — COMMON SOURCE TRANSFER CHARACTERISTICS 
Ves(off) = -3.5 VOLTS . Ves(off) = -3-5 VOLTS , 


= =e 3 
E = 
e oe 
5 3 
= = 
= = 
a) S 2 
| 
—5 —4 —3 —2 ~] 0 
Vps, DRAIN-SOURCE VOLTAGE (VOLTS) Ves, GATE-SOURCE VOLTAGE (VOLTS) 
FIGURE 7 — TYPICAL DRAIN CHARACTERISTICS FIGURE 8 — COMMON SOURCE TRANSFER CHARACTERISTICS 
Ves(off) = -5.8 VOLTS Ves(off) = -5.8 VOLTS 
= z 
— 
3 Fa 
z= =z 
= = 
a a 
m:) a) 
Vos, DRAIN-SOURCE VOLTAGE (VOLTS) . Ves, GATE-SOURCE VOLTAGE (VOLTS) 

NOTES: 1. Graphical data is presented for de conditions. Tabular data is 

, given for pulsed conditions (Pulse Width = 630 ms, Duty Cycle = 

10%). Under de conditions, self heating in higher !pgg units re- 

duces Ipgg (See Figure 10). 
2. Figures 8, 9, 10: Data taken in a standard printed circuit with a 


TO-18 type socket mounting and 1/4” lead length. 
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2N4223 
2N4224 


CASE 20-03, STYLE 3 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 


JFET 
VHF AMPLIFIER 


N-CHANNEL — DEPLETION 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C : 


Operating and Junction Temperature Range] Ty | ~—65 to +175 
Storage Temperature Range —65 to +175 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Symbol | Min | Max [Unit _| 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage V(BR)GSS Vdc 
(Ig = —10 wAdc, Vps = 0) 


Gate Reverse Current 
(VGs = —20 Vdc, Vps = 0) 2N4223 
2N4224 
(VG@s = —20 Vdc, Vps = 0, Ta = 100°C) 2N4223 
2N4224 
Gate Source Cutoff Voltage VGS(off) 
(ID = 0.25 nAdc, Vps = 15 Vdc) 2N4223 
(Ip = 0.50 nAdc, Vps = 15 Vdc) 2N4224 
Gate Source Voltage V6s 
(Ip = 0.3 mAdc, Vps = 15 Vdc) 2N4223 
(ID = 0.2 mAdc, Vps = 15 Vdc) 2N4224 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current* 
(Vps = 15 Vde, Vgs = 0) 2N4223 
2N4224 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = 15 Vdc, Vgs = 0, f = 1.0 kHz)* 2N4223 
2N4224 


(Vps = 15 Vde, Vgg = 0, f = 200 MHz) 2N4223 
2N4224 
Input Conductance 
(Vps = 15 Vdc, Ves = 0, f = 200 MHz) 


Output Conductance 
(Vps = 15 Vde, VGsg = 0, f = 200 MHz) 


Input Capacitance 
(Vpsg = 15 Vdc, Ves = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 15 Vdc, Vgs = 0, f = 1.0 MHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N4223, 2N4224 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit _| 


FUNCTIONAL CHARACTERISTICS — 


Noise Figure 
| (Vps = 15 Vdc, Vgs = 0, Rg = 1.0 k ohm, f = 200 MHz) 2N4223 


Small-Signal Power Gain Common Source 


(Vps = 15 Vde, Vgs = 0, f = 200 MHz) 2N4223 
*Pulse Test: Pulse Width < 630 ms, Duty Cycle < 10%. 


FIGURE 1—NOISE FIGURE AND POWER GAIN TEST CIRCUIT 
2N4223 2.0-8.0 pF 


Ry = 502 


L1=1 1/2 TURNS #20 AWG TINNED WIRE, 1/4” 1. D., LENGTH = 3/8” 0.001 uF 
L2 =3 1/2 TURNS #18 AWG TINNED WIRE, 3/8” I. D., LENGTH = 1/2”, 


iY 
It 


| 
6 TAPPED AT 1 1/4 TURNS FROM DRAIN +15 Vde 
| | FIGURE 2 — FIGURE 3 — 
| sitet CURRENT versus GATE-SOURCE ea TEMPERATURE COEFFICIENT FOR DRAIN CURRENT 
Nt ost s Hess sv — 
© Ge z TEP 
2 — eee =e Esa 
——F Sig tT Te 
E S 
Ss 10 = -20 
: rae ERG 
2 50 f ~30 
= 


40 LT Vk 


0 — 2,0 3.0 ae 5.0 0.2 0.3 0.5 2.0 3.0 5.0 
Vgs, GATE-SOURCE VOLTAGE (VOLTS) lp, sean CURRENT (mA) 


FIGURE 4 —FORWARD TRANSFER ADMITTANCE FIGURE 5 — TEMPERATURE COEFFICIENT FOR Y¢, 
versus GATE-SOURCE VOLTAGE versus DRAIN CURRENT 


a 


a 
oa 
f=] 
oOo 


f= 1.0 KHz a be a fa 
aot Ipss = 10 mA -0.4 tae 
ed ae es Se ee 
2000 Saha ir SARS a me 


Rees Hef 
APS eee ae 
SR 

Riess Ree 
este ee ase els VS ie | 
a ae 


[Yfsl, FORWARD TRANSFER ADMITTANCE (umhos) 
OY gs, TEMPERATURE COEFFICIENT (%/°C) 


02 03 1.0 20 30 50 10 
Vgs, GATE-SOURCE VOLTAGE (VOLTS) | Ip. DRAIN CURRENT (mA) 
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FIGURE 6 — CAPACITANCES FIGURE 7 — COMMON SOURCE 
NOISE FIGURE versus SOURCE RESISTANCE 


oe to OE Me oe aoe 

Ce ig Ga | a Vos" 18 
SCEEEEEEER ES SHH 
Noe eo a 
ESRECECEEES NSE Ha 
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: Se a 
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20 40 60 8.0 10 12 14 16 18 = 20 0.1 02 0.3 0.5 1.0 2.0 3.0 5.0 10 
Vos, ORAIN-SOURCE VOLTAGE (VOLTS) Rg, SOURCE RESISTANCE (k ohms) 


FIGURE 8 — INPUT ADMITTANCE FIGURE 9 — FORWARD TRANSFER ADMITTANCE 
versus FREQUENCY versus ee 
ia Sct SseF dat 2"CS Tr 6 
‘ vers HHP ae ttt E ; ied 
E 
2 = 
< < 
= : os 
or To 7 ACLIIL 
7 eee eee el S 
= = 10 
(meee eli Aaa see ees) : i 
= mris ee. CUE — : pail aoe ee tT | | | a 
; Ltt et) = i acta 00a 
10 20 50 100 200 300 500 1000 10 20 30 100 200 300 500 1000 
f, FREQUENCY (MHz) f, Picatacs (MHz) 
FIGURE 10 — OUTPUT ADMITTANCE FIGURE 11 — REVERSE TRANSFER ADMITTANCE 
versus FREQUENCY versus FREQUENCY 
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REVERSE TRANSFER ADMITTANCE (mmhos) 
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2N4223, 2N4224 


FIGURE 12 — POWER GAIN versus FREQUENCY FIGURE 13 — COMMON SOURCE NOISE FIGURE 
versus FREQUENCY 
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2N4338 
2N4339 
2N4340 
2N4341 


CASE 22-03, STYLE 3 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 


a ee 
[isin Source Voltage ——SS~sdSC«N gs 8 
Forsin-GateVottage ——=S*dS Vg | 8 
[Gete-Source Voltage ——=SSCS*~*~dSC‘ gg Yn 
a es ae ee 


Gate Current 


Total Device Dissipation @ Ta = 25°C i 
Derate above 25°C 2.0 are 


Storage Temperature Range —65 to +200 ae 


JFET 
LOW-FREQUENCY, LOW NOISE 


N-CHANNEL — DEPLETION 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


[ eharacteristie Symbol [Min | Max | Unit _— 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage V(BR)GSS Vde 
(Ig = —1.0 pA) 


Gate Reverse Current 
(Vgs = —30V) 


Gate Source Cutoff Voltage VGS(off) 
(Vps = 15V, Ip = 0.1 pA) 2N4338 
2N4339 
2N4340 
2N4341 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 

(Vps = 15 V) 2N4338 
2N4339 
2N4340 
2N4341 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = 15 V, f = 1.0 kHz) 2N4338 
2N4339 
2N4340 
2N4341 


Output Admittance 
(Vps = 15 V, f = 1.0 kHz) 2N4338 
2N4339 

2N4340 

2N4341 


Input Capacitance Ciss 
(Vps = 15 V, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss 
(Vps = 15 V, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vps = 15 Volts, f = 1.0 kHz, Rg = 1.0 MQ) 


*Pulse Test: Pulse Width < 630 msec, Duty Cycle < 10%. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N4342 


CASE 29-02, STYLE 7 
TO-92 (TO-226AA) 


JFET 
HIGH FREQUENCY, LOW NOISE 


P-CHANNEL — DEPLETION 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Refer to 2N5460 for graphs. 


OFF CHARACTERISTICS 


Characteristic Symbol | Min | Max | Unit_ | 
(Vgs = 15 Vde, Vps = 0) 
Gate Source Cutoff Voltage VGS(off) 
(Vps = —10 Vde, Ip = 1.0 wAdc) 
VGs 0.7 
(Vps = —10 Vdc, Ip = 1.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 
(Vps = —10 Vdc, Veg = 0, f = 1.0 kHz) 
Common Source Forward Transconductance 


Operating and Storage Junction TJ, Tstg | —55 to +125 °C 
Temperature Range 
Gate-Source Breakdown Voltage ViBR)GSS 25 Vdc 
(Ig = 10 wAdc, Vps = 0) 
(VGs = 15 Vde, Vps = 0, Ta = 65°C) 
Vdc 
“Ross 10 eT ype ye 
ON CHARACTERISTICS 
Drain-Source “ON” Resistance 700 Ohms 
(V6s = 0, Ip = 0, f = 1.0 kHz) . 
Output Admittance 
(Vps = —10 Vde, Ves = 0, f = 1.0 MHz) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 
Gate Reverse Current Iass 
nAdc 
pAdc 
(Vps = —10 Vde, Ip = 0.4 mAdc) 
Zero-Gate-Voltage Drain Current 4.0 - 412 | mAdc 
(Vps = —10 Vdc, Vgs = 0) 
Forward Transfer Admittance . 
(Vps = —10 Vdc, Veg = 0,f = 1.0kHz) 
Input Capacitance 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vps = —10 Vde, Vgsg = 0, Rg = 1.0 Megohm, f = 100 Hz, BW = 15 Hz) 


Equivalent Short-Circuit Input Noise Voltage 
(Vps = —10 Vdc, Vgs = 0, f = 100 Hz, BW = 15 Hz) 
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2N4351 


CASE 20-03, STYLE 2 


TO-72 (TO-206AF) 
MAXIMUM RATINGS 


Drain Current 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C : 


Junction Temperature Range 175 °C 
Storage Temperature Range —65 to +175 °C 


*Transient potentials of +75 Volt will not cause gate-oxide failure. 


MOS FET 
SWITCHING 


N-CHANNEL — ENHANCEMENT 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Pp Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 
Drain-Source Breakdown Voltage V(BR)DSX Vde 
(Ip = 10 pA, Ves = 0) 


Zero-Gate-Voltage Drain Current 
(Vps = 10 V, VGs = 0) Ta = 25°C 10 nAdc 
Ta = 150°C 10 pAdc 
Gate Reverse Current less +10 pAdc 
(VGs = +15 Vde, Vps = 0) 


ON CHARACTERISTICS 
Gate Threshold Voltage , VGS(Th) Vdc 
(Vps = 10 V, ID = 10 wA) 

Drain-Source On-Voltage VDS(on) V 
(Ip = 2.0 mA, Veg = 10 V) | 
On-State Drain Current mAdc 

(VGs = 10 V, Vps = 10 V) 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = 10 V, Ip = 2.0 mA, f = 1.0 kHz) 


Input Capacitance 
(Vps = 10 V, Ves = 0, f = 140 kHz) 


Reverse Transfer Capacitance 
(Vps = 0, Ves = 0, f = 140 kHz) 


Drain-Substrate Capacitance 
(Vp(SUB) = 10 V, f = 140 kHz) 


Drain-Source Resistance 
(Vgs = 10V, Ip = 0, f = 1.0 kHz) 


SWITCHING CHARACTERISTICS 


Turn-On Delay (Fig. 5) 
Rise Time (Fig. 6) Ip = 2.0 mAdc, Vps = 10 Vdc, 


V6s = 10 Vdc) 
(See Figure 9; Times Circuit Determined) 


Turn-Off Delay (Fig. 7) 


Fall Time (Fig. 8) 
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: - FIGURE 1 — FORWARD TRANSFER ADMITTANCE 
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FIGURE 4 — “ON” DRAIN-SOURCE VOLTAGE 
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SWITCHING CHARACTERISTICS 
(T, = 25°C) 


FIGURE 5 — TURN-ON DELAY TIME FIGURE 6 — RISE TIME 
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FIGURE 7 — TURN-OFF DELAY TIME FIGURE 8 — FALL TIME 
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| —— FIGURE 9 — SWITCHING CIRCUIT and WAVEFORMS capacitance (Cgs = Ciss — Crss) has no charge. The drain volt- 
| 82k _ age is at Vpp, and thus the feedback capacitance (Crgg) is 
Vis ; V _ charged to Vpp. Similarly, the drain-substrate capacitance 


OUTPUT TO SAMPLING (Cq(sub)) is charged to Vpp since the substrate and source are 

OSCILLOSCOPE connected to ground. 

During the turn-on interval, Cgg is charged to VGs (the input 
voltage) through Rs (generator impedance). Crgg must be dis- 
charged to VGsg — Vp(on) through Rg and the parallel combi- 
nation of the load resistor (Rp) and the channel resistance (rqg). 
In addition, Cg(sub) is discharged to a low value (Vp(on)) 
through Rp in parallel with rds. During turn-off this charge flow 

t= ty <2ns is reversed. 
DUTY CYCLE = 2% Predicting turn-on time proves to be somewhat difficult since 
the channel resistance (rgg) is a function of the gate-source volt- 
age (VGs). As Cgg becomes charged, VGs is approaching Vin 
and rds decreases (see Figure 4) and since Crgg and Cg(gyp) are 
charged through rqdg, turn-on time is quite non-linear. 

If the charging time of Cgg is short compared to that of Crss 
and Cq(sub), then rg (which is in parallel with Rp) will be low 
compared to Rp during the switching interval and will largely 
determine the turn-on time. On the other hand, during turn-off 
rds will be almost an open circuit requiring Crgg and Cq(syp) to 
be charged through Rp and resulting in a turn-off time that is 
long compared to the turn-on time. This is especially noticeable 
for the curves where Rg = 0 and Cgg is charged through the 
pulse generator impedance only. 

The switching curves shown with Rs = Rp simulate the . 
switching behavior of cascaded stages where the driving source 


SET Vps = 10 V 


IN ow 
45k 


The switching characteristics shown above were measured in impedance is normally the same as the load impedance. The set 
a test circuit similar to Figure 10. At the beginning of the switch- of curves with Rs = 0 simulates a low source impedance drive 
ing interval, the gate voltage is at ground and the gate-source such as might occur in complementary logic circuits. 


FIGURE 10 — SWITCHING CIRCUIT MOSFET EQUIVALENT MODEL 
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CASE 20-03, STYLE 2 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 


MOS FET 
SWITCHING 


P-CHANNEL — ENHANCEMENT 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS | 


Zero-Gate-Voltage Drain Current 
(Vps = —10V, Vgs = 0) Ta = 25°C 
Ta = 150°C 


Gate Reverse Current 
(VGs = +30V, Vps = 0) 


ON CHARACTERISTICS | | 

Gate Threshold Voltage VGS(Th) Vdc 
(Vps = —10V, Ip = —10 pA) 

Drain-Source On-Voltage VDS(on) V 
(Ip = —2.0 mA, Ves = —10 V) 

On-State Drain Current ID(on) — 3.0 mA 
(Veg = —10 Vps = -10 V) 


SMALL-SIGNAL CHARACTERISTICS 


Drain-Source Resistance 
(VGs = —10V, Ip = 0, f = 1.0 kHz) 


Forward Transfer Admittance 
(Vps = —10 V, Ip = 2.0 mA, f = 1.0 kHz) 


Input Capacitance 
(Vps = —10V, Ves = 0, f = 140 kHz) 


Reverse Transfer Capacitance 
(Vps = 0, Ves = 0, f = 140 kHz) 


SWITCHING CHARACTERISTICS 
Turn-On Delay 
- (Figures 5) 
Rise Time 
(Figures 6) Ip = —2.0 mAdc, Vps = —10 Vdc, 


Vgés = —10V) 
Turn-Off Delay (See Figure 9, Times Circuit Determined) 
(Figures 7) 
Fall Time 
(Figures 8) 
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FIGURE 1 — FOWARD TRANSFER ADMITTANCE 
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FIGURE 4 — “ON” DRAIN-SOURCE VOLTAGE 
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SWITCHING CHARACTERISTICS 
(Ta = 25°C) 


FIGURE 5 — TURN-ON DELAY TIME FIGURE 6 — RISE TIME 
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Ip, DRAIN CURRENT (mA) 
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FIGURE 9 — SWITCHING CIRCUIT and WAVEFORMS ° 


SET Vos = 10V V OUTPUT TO SAMPLING 


OSCILLOSCOPE Sue! Bee ; eer 

The switching characteristics shown above were measured in a test circuit 
similar to Figure 10. At the beginning of the switching interval, the gate voltage is 
at ground and the gate-source capacitance (Cgs = Ciss —Crss) has no charge. The 
drain voltage is at Voo, and thus the feedback capacitance (Crss) is charged to 
Vov. Similarly, the drain-substrate capacitance (Cajsub)) is charged to Vop since 
the substrate and source are connected to ground. 

During the turn-on interval, Cgs is charged to Ves (the input voltage) through 
Rs (generator impedance) (Figure 11). Crss must be discharged to Ves — Vo{on 
through Rs and the parallel combination of the load resistor (Ro) and the channel 
resistance (rds). In addition, Ca(suy) is discharged to a low value (Vpj(on)) through Ro 
t=t<2ns in parallel with ras. During turn-off this charge flow is reversed. 
ert Predicting turn-on time proves to be somewhat difficult since the channel 

PW= 10 us resistance (rds) is a function of the gate-source voltage (Ves). As Cas becomes 
DUTY CYCLE = 2% charged Ves is approaching Vin and ras decreases (see Figure 4) and since Crs 
and Ca(sus) are charged through rds, turn-on time is quite non-linear. 

If the charging time of Cos is short compared to that of Crss and Ca(sup), then 
ras (which is in parallel with Ro) will be low compared to Ro during the switching 
interval and will largely determine the turn-on time. On the other hand, during 
turn-off ras will be almost an open circuit requiring Crss and Cajfsub) to be charged 
through Ro and resulting in a turn-off time that is long compared to the turn-on 
time. This is especially noticeable for the curves where Rs = 0 and Cg; is charged 
through the pulse generator impedance only. 

The switching curves shown with Rs = Ro simulate the switching behavior 
of cascaded stages where the driving source impedance is normally the same as 
the load impedance. The set of curves with Rs = 0 simulates a low source im- 
pedance drive such as might occur in complementary logic circuits. 


FIGURE 10 — SWITCHING CIRCUIT with MOSFET EQUIVALENT 
MODEL 
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CASE 29-02, STYLE 7 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 
a 
Total Device Dissipation @ Ta = 25°C Lae ee mW 
Derate above 25°C 2.82 mW/°C 


Storage Temperature Range —55 to +125 


JFET 
LOW-FREQUENCY/LOW-NOISE 


P-CHANNEL — DEPLETION 


Refer to 2N5460 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


P haracteristic | Symbot | Min | Max | Unit | 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage V(BR)GSS 20 Vde 
(ig = 10 pA) 
Gate Reverse Current I6ss nA 
(VGsS = 15) 
Gate Source Cutoff Voltage VGS(off) 0.7 Vdc 
(Vps = —10V, Ip = 1.0 uA) 
Gate Source Voltage VG6sS Vdc 
(Ip = 0.3 mA, Vps = —10 V) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vps = —10V, Ves = 0V) 


SMALL-SIGNAL CHARACTERISTICS 


Drain-Source “ON” Resistance 
(ip = 0, VGsg = 0, f = 1.0 kHz) 


Forward Transfer Admittance 
(Vps = —10V, VGs = OV, f = 1.0 kHz) 


Output Admittance 
(Vps = —10V, VGsg = OV, f = 1.0 kHz) 


Common Source Forward Transconductance 
(Vps = —10V, Ves = OV, f = 1.0 MHz) 


Input Capacitance 
(Vps = —10V, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = —10V,f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 


(Vps = —10V, Ip = 1.0 mA, RG = 1.0 mQ, f = 100 Hz) 
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2N4391 
2N4392 
2N4393 


CASE 22-03, STYLE 4 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 
Symbol_ 
Drain-Source Voltage 
IGF 


| ao 
[Drain-GateVoltage |G | AO 
|GateSource Voltage | cs | 0 |e 
| Forward Gate Current, |g | 0 

Total Device Dissipation @ Tc = 25°C sek Se 


Derate above 25°C 


Operating Junction Temperature Range . —65 to +175 
Storage Temperature Range —65 to +175 


JFET 
SWITCHING 


N-CHANNEL — DEPLETION 


Refer to MPF4391 for graphs. 
“ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot_| Min | Max | unit | 
OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage V(BR)GSS Vdc 
(Ig = 1.0 wAdc, Vps = 0) 
Gate Reverse Current 


(VGs = 20 Vdc, Vps = 0) 
(VGs = 20 Vdc, Vps = 0, Ta = 150°C) 


Gate Source Voltage 
(Vps = 20 Vdc, Ip = 1.0 nAdc) 2N4391 


Gate-Source Forward Voltage 
(Ig = 1.0 mAdc, Vps = 0) 


Drain-Cutoff Current 
(Vps = 20 Vde, Ves 
(Vps = 20 Vde, Ves 
(Vps = 20 Vdc, Vgs 
(Vps = 20 Vde, Ves 
(Vps = 20 Vdc, Ves 


12 Vde) 2N4391 
7.0 Vdc) 2N4392 
5.0 Vdc) 2N4393 
12 Vde, Ta = 150°C) 2N4391 
7.0 Vdc, Ta = 150°C) 2N4392 
5.0 Vdc, Ta = 150°C) 2N4393 


(Vps = 20 Vdc, Ves 
ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(1) 
(Vps = 20 Vde, Veg = 0) 2N4391 
2N4392 
2N4393 


Drain-Source On-Voltage VDS(on) 
(ID = 12 mAdc, Vgg = 0) 2N4391 
(ID = 6.0 mAdc, Vgs = 0) 2N4392 
(Ip = 3.0 mAdc, Vgg = 0) 2N4393 
Static Drain-Source On Resistance . 
(Ip = 1.0 mAdc, Vgs = 0) 2N4391 
2N4392 
2N4393 


SMALL-SIGNAL CHARACTERISTICS 
Drain-Source “ON” Resistance 
(V6s = 0, ID = 0, f = 1.0 kHz) 2N4391 
2N4392 


2N4393 
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2N4391, 2N4392, 2N4393 


“ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Input Capacitance 
(Vps = 20 Vdc, Vgs = 0, f = 1.0 MHz) 
Reverse Transfer Capacitance 
(Vps = 0, Vgs = 12 Vdc, f = 1.0 MHz) 2N4391 
(Vos = 0, VGsg = 7.0 Vde, f = 1.0 MHz) 2N4392 
(Vps = 0, Vgs = 5.0 Vdc, f = 1.0 MHz) 2N4393 
SWITCHING CHARACTERISTICS 


Rise Time 
(Ip(on) = 6.0 mAdc) 2N4392 
(Ip(on) = 3.0 mAdc) 2N4393 
Fall Time 


(VGS(off) = 12 Vde) eee 
5.0 Vdc) 2N4393 


Turn-On Time 
(Ip(on) = 12 mAdc) 2N4391 
(Ip(on) = 3.0 mAdc) 2N4393 
Turn-Off Time 
(VGS(off) = 12 Vdc) 2N4391 
(VGS(off) = 7.0 Vde) 2N4392 
(VGS(off) = 5.0 Vde) 2N4393 
(1) Pulse Test: Pulse Width < 100 us, Duty Cycle < 1.0%. 
*In addition to JEDEC Registered Data. 
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CASE 20-03, STYLE 1 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 


2N4416 
2N4416A 


JFET 
VHF/UHF AMPLIFIER 


N-CHANNEL — DEPLETION 
JAN JTX JTXV AVAILABLE 


| Total Device Dissipation @ Ta = 25°C 
Derate above 25°C : 


Operating and Storage Junction Tj, Tstg | —65to +175 °¢ 
Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit | 


V(BR)GSS Vde 
30 
35 
(VGs = 20 Vdc, Vps = 0) 


Iss pAdc 
100 
(VGs = 20 Vde, Vps = 0, Ta = +150°C) 200 
Gate Source Cutoff Voltage VGS(off) Vde 
(Ip = 1.0 nAdc, Vps = 15 Vdc) 
Gate Source Voltage VGs Vde 
(Ip = 0.5 mAdc, Vps = 15 Vdc) 
Gate-Source Forward Voltage VGS(f) Vdc 
(ig = 1.0 mAdc, Vps = 0) 


ON CHARACTERISTICS 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Ig = 1.0 wAdc, Vps = 0) 2N4416 
| 2N4416A 


Gate Reverse Current 


Zero-Gate-Voltage Drain Current(1) mAdc 
(Vps = 15 Vde, Vgg = 0) 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance(1) Ivfs| 7500 pmhos 
(Vps = 15 Vde, Ves = 0, f = 1.0 kHz) | 
Real Part of Forward Transfer Admittance Yfs(real) 4000 umhos 
(Vps = 15 Vdc, Vgs = 0, f = 400 MHz) 
Real Part of Input Admittance Vis(real) pmhos 
(Vps = 15 Vde, Ves = 0, f = 100 MHz) 100 
(Vps = 15 Vde, Vgg = 0, f = 400 MHz) 1000 
Output Admittance ; lYos| pmhos 
(Vps = 15 Vde, Vgs = 0, f = 1.0 kHz) 
Real Part of Output Admittance Yos(real) pmhos — 
(Vps = 15 Vde, Vgsg = 0, f = 100 MHz) 75 
(Vps = 15 Vde, Ves = 0, f = 400 MHz) 100 
Yis(imag) umhos 
2500 
10,000 
Yos(imag) | pmhos 
1000 
4000 


Imaginary Part of Input Admittance 
MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


(Vps = 15 Vdc, Vgsg = 0, f = 100 MHz) 
(Vps = 15 Vde, Veg = 0, f = 400 MHz) 
Imaginary Part of Output Admittance 

(Vps = 15 Vde, Vgs = 0, f = 100 MHz) 
(Vps = 15 Vde, Veg = 0, f = 400 MHz) 
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2N4416,A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Input Capacitance Ciss 
(Vps = 15 Vde, VGsg = 0, f = 1.0 MHz) 
Reverse Transfer Capacitance Crss pF 
(Vps = 15 Vde, Vgsg = 0, f = 1.0 MHz) 
Common Source Output Capacitance Coss 2.0 pF 
(Vps = 15 Vdc, Veg = 0, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 
Noise Figure (Figures 3 and 4) 


(Vpg = 15 Vde, Ip = 5.0 mAdc, Rg ~ 1000 Ohms, f = 100 MHz) 
(Vpg = 15 Vdc, Ip = 5.0 mAdc, Rg ~ 1000 Ohms, f = 400 MHz) 


Small-Signal Power Gain Common Source (Figure 1) 
(Vps = 15 Vdc, Ip = 5.0 mAdc, f = 100 MHz) 
(Vps = 15 Vdc, Ip = 5.0 mAdc, f = 400 MHz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 1.0%. 


POWER GAIN 
FIGURE 1 — EFFECTS OF DRAIN CURRENT 


Pg, POWER GAIN (dB) 


6.0 8.0 10 12 14 
Ip, DRAIN CURRENT (mA) 


FIGURE 2 — 100 MHz and 400 MHz NEUTRALIZED TEST CIRCUIT 


Designation | 100 MHz | 400 MHz | 

z0er | 18 er | 
| 3.0prF | 1.0eF | 
C112 6F | 088.00F_ 
[izeF | 0880pF_ 
[ue feasane | 0.03 nae 


Load 


Adjust Vgs for NOTE: The noise source is a hot-cold body 
tp = 50mA (AIL type 70 or equivalent) with a 
Ve6s< 0 Volts test receiver (AIL type 136 or equivalent). 


L2 
Ts 
*L1. 17 turns, (approx. — depends upon circuit layout) AWG #28 **L1 6 turns, (approx. — depends upon circuit layout) AWG #24 

enameled copper wire, close wound on 9/32” ceramic coil enameled copper wire, close wound on 7/32”' ceramic coil 

form. Tuning provided by a powdered iron slug. form. Tuning provided by an aluminum slug. 
L2 4-1/2 turns, AWG #18 enameled copper wire, 5/16”’ long, L2 1 turn, AWG #16 enameled copper wire, 3/8’ 1.D. (AIR 

3/8'' 1.D. (AIR CORE). CORE). 


L3 3-1/2 turns, AWG #18 enameled copper wire, 1/4” long, 


L3 1/2 turn, AWG #16 enameled copper wire, 1/4" §.D. (AIR 
3/8”. 1.D. (AIR CORE). 


CORE). 
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2N4416,A 


NOISE FIGURE 


(Tchannel = 25°C) 
FIGURE 3 — EFFECTS OF DRAIN-SOURCE VOLTAGE 


NF, NOISE FIGURE (dB) 
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FIGURE 4 — EFFECTS OF DRAIN CURRENT 
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INTERMODULATION CHARACTERISTICS 


FIGURE 5 — THIRD ORDER INTERMODULATION DISTORTION 


Vpos= 15 Vde 
f1 = 399 MHz 
f2 = 400 MHz 


Pout, OUTPUT POWER PER TONE (dB) 


Pin, INPUT POWER PER TONE (dB) 


COMMON SOURCE CHARACTERISTICS 
ADMITTANCE PARAMETERS 
(Vps = 15 Vde, Tohannel = 25°C) 


FIGURE 6 — INPUT ADMITTANCE (y;.) 
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bis, INPUT SUSCEPTANCE (mmhos) 
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FIGURE 7 — REVERSE. TRANSFER ADMITTANCE (y;<) 
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FIGURE 8 — FORWARD TRANSADMITTANCE (y¢,) FIGURE 9 — OUTPUT ADMITTANCE (y 95) 
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2N4416,A 


FIGURE 12 — $914, 
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COMMON GATE CHARACTERISTICS 


ADMITTANCE PARAMETERS 
(VpgG = 15 Vde, Tchannel = 25°C) 


FIGURE 14 — INPUT ADMITTANCE (vig) 
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FIGURE 15 — REVERSE TRANSFER ADMITTANCE (yrq) 
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FIGURE 16 — FORWARD TRANSFER ADMITTANCE (y¢g) FIGURE 17 — OUTPUT ADMITTANCE (Yoqg) 
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COMMON GATE CHARACTERISTICS 


S-PARAMETERS 
(VpG = 15 Vdc, Tchannel = 25 C, 
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FIGURE 20 — Sa4g 
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SMALL-SIGNAL DEVICES 


2N4856,A 
thru 
2N4861,A 


JAN, JTX AVAILABLE 
CASE 22-03, STYLE 4 


MAXIMUM RATINGS TO-18 (TO-206AA) 


2N4856,A | 2N4859,A 
2N4857,A | 2N4860,A 
Rating 
Drain-Source Voltage Vps 
Drain-Gate Voltage VDG 


Reverse Gate-Source Voltage 
Forward Gate Current 


Total Device Dissipation 
@ Ta = 25°C 
Derate above 25°C mW/°C 


JFET 
SWITCHING 


N-CHANNEL — DEPLETION 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Gate-Source Breakdown Voltage V(BR)GSS Vdc 
_ (Ig = 1.0 wAde, Vps = 0) 2N4856,A, 2N4857,A, 2N4858,A 
2N4859,A, 2N4860,A, 2N4861,A 


Gate Reverse Current IGss 
(VGs = —20 Vde, Vps = 0) 2N4856,A 2N4857,A, 2N4858,A 
(VGs = —15 Vde, Vps = 0) 2N4859,A, 2N4860,A, 2N4861,A 
(VGs = —20 Vdc, Vps = 0, Ta = 150°C) 2N4856,A, 2N4857,A, 2N4858,A 
(VGs = —15 Vdc, Vps = 0, Ta = 150°C) 2N4859,A, 2N4860,A, 2N4861,A 


Gate Source Cutoff Voltage VGS(off) 
(Vps = 15 Vdc, Ip = 0.5 nAdc) 2N4856,A, 2N4859,A 
2N4857,A, 2N4860,A 
2N4858,A, 2N4861,A 


OFF CHARACTERISTICS 


Drain Cutoff Current 
(Vps = 15 Vde, Vgg = —10 Vdc) 

(Vps = 15 Vde, Vgs = —10 Vde, Ta = 150°C) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current(1) 

(Vps = 15 Vde, Ves = 0) 2N4856,A, 2N4859,A 
2N4857,A, 2N4860,A 
2N4858,A, 2N4861,A 


Drain-Source On-Voltage 
(Ip = 20 mAdc, VGs = 0) 2N4856,A, 2N4859,A 
(Ip = 10 mAdc, Ves = 0) 2N4857,A, 2N4860,A 
(Ip = 5.0 mAdc, Vgs = 0) 2N4858,A, 2N4861,A 
SMALL-SIGNAL CHARACTERISTICS 
Drain-Source “ON” Resistance 
(VGs = 0, Ip = 0, f = 1.0 kHz) 2N4856,A, 2N4859,A 
2N4857,A, 2N4860,A 
2N4858,A, 2N4861,A 


Input Capacitance 
(Vps = 0, V@s = —10 Vde, f = 1.0 MHz) 2N4856 thru 2N4861 
2N4856A thru 2N4861A 


Reverse Transfer Capacitance 
(Vps = 0, VGs = —10 Vde, f = 1.0 MHz) 2N4856 thru 2N4861 
2N4856A, 2N4859A 
2N4857A, 2N4858A, 2N4860A, 2N4861A 
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2N4856,A thru 2N4861,A 


ELECTRICAL CHARACTERISTICS seo (Ta = 25°C unless otherwise noted.) 


pC Characteristic | Symbol | Min | Max | Unit 


SWITCHING CHARACTERISTICS (See Figure 1) (2) 


Turn-On Delay Time Conditions for 2N4856,A, 2N4859,A: 2N4856, 2N4859 
2N4856A, 2N4859A 

(Vpp = 10 Vdc, Ip(on) = 20 mAdc, 2N4857, 2N4860 
VGS(on) = 9, VGS(off) = —10 Vdc) 2N4857A, 2N4860A 

2N4858, 2N4861 
2N4858A, 2N4861A 


Rise Time Conditions for 2N4857,A, 2N4860,A: 2N4856,A, 2N4859,A 
2N4857,A, 2N4860,A 
(Vpp = 10 Vdc, Ip(on) = 10 mAdc, 2N4858, 2N4861 
VGS(on) = 9. VGS(off) = —6.0 Vdc) 2N4858A, 2N4861A 


Turn-Off Time 2N4856, 2N4859 
Conditions for 2N4858,A, 2N4861,A: 2N4856A, 2N4859A 

2N4857, 2N4860 
(Vpp = 10 Vdc, ID(on) = 5.0 mAdc, 2N4857A, 2N4860A 

VGS(on) = 9, VGS(off) = —4.0 Vdc) 2N4858, 2N4861 
2N4858A; 2N4861A 


(1) Pulse Test: Pulse Width = 100 ms, Duty Cycle < 10%. 
(2) The Ip(on) values are nominal; exact values vary slightly with transistor parameters. 


FIGURE 1 — SWITCHING TIMES TEST CIRCUIT 


aay tr < 1.0 ns tf< 1.0 ns 
(2N4856,A, 2N4859,A) 464 0--- VGS(on) 
(2N4857,A, 2N4860,A) 953 ¢ RL 200 
(2N4858,A, 2N4861,A) 1910 (2N4856,A, 2N4859,A) a . INPUT 
(2N4857,A, 2N4860,A) anv —--— VGS(off) 
OUTPUT —(2N4858,A, 2N4861,A) -4.0 V ae ae toff 
INPUT td(on) ane Lor —et + td(off 
tre — — tf 
= = = 10% “K | | A 10% 
= OUTPUT 
90% 90% 
TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: a. The input waveforms are supplied by a generator with the following characteristics: 
Zout = 50 ohms, Duty Cycle ~ 2.0%. 


.b. Waveforms are monitored on an oscilloscope with the following characteristics: 
tp < 0.76 ns, Rin > 1.0 megohm, Cin < 2.5 pF. 
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MAXIMUM RATINGS 


Gate Current 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C (Free Air) 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Lead Temperature 
(1/16” from Case for 10 Seconds) 


Storage Temperature Range 


2N5245 
2N5246 
2N5247 


CASE 29-02, STYLE 23 
TO-92 (TO-226AA) 


JFET 
HIGH-FREQUENCY 
AMPLIFIER 


N-CHANNEL — DEPLETION 


Refer to 2N4416 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(ig = —1.0 nA, Vps = 0) 


Gate Reverse Current 
(VGs = —20V, Vps = 0) 


Gate 1 Leakage Current 
(VG1s = —20V, Vps = 0, Ta = 100°C) 


Gate Source Cutoff Voltage 
(Vps = 15 V, Ip = 10 mA) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vps = 15 V, VGs = 0, Pulsed: See Note 1) 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = 15 V, Vgsg = 0, f = 1.0 kHz) 


Input Admittance 
(Vps = 15 V, Vgg = 0) 


Output Admittance 
(Vps = 15 V, Ves = 0, f = 1.0 kHz) 


Output Conductance 
(Vps = 15 V, Ves = 0) 


2N5245 
2N5246 
2N5247 


2N5245 
2N5246 
2N5247 


2N5245 
2N5246 
2N5247 


(100 MHz) 
(400 MHz) 


2N5245 
2N5246 
2N5247 


2N5245 (100 MHz) 
2N5246 
2N5247 
2N5245 (400 MHz) 
2N5246 
2N5247 
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2N5245, 2N5246, 2N5247 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted. ear 
Characteristic 


Forward Transconductance 
(Vps = 15 V, Ves = 0, f = 400 MHz) 2N5245 
2N5246 
2N5247 


Input Capacitance 
(Vps = 15 V, Ves = 0, f = 1.0 Mhz) 


Reverse Transfer Capacitance 
(Vps = 15 V, Veg = 0, f = 1.0 MHz) 


Input Susceptance Im(Yis) 
(Vps = 15 V, Ves = 0) (100 MHz) 
(400 MHz) 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vps = 15 V, Ip = 5.0 mA, R'G 


Common Source Power Gain 
(Vps = 15 V, Ip = 5.0 mA, R’G 


Il 


1.0 kQ) 2N5245 (100 MHz) 
2N5245 (400 MHz) 


Output Susceptance 
(Vps = 15 V, Ves = 0) (100 MHz) 
(400 MHz) 


Im(Yos) pmho 
1000 
4000 


Note 1: tp = 100 ms, Duty Cycle = 10%. 
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[eee OC 
2N5265 


thru 
2N5270 


CASE 20-05, STYLE 5 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 


ome 


JFET 
GENERAL PURPOSE 


P-CHANNEL — DEPLETION 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Junction Temperature Range 
Storage Temperature Range Tstq —65 to +200 


—65 to +175 


Sie 

i Ee 
Forward Gate Current | ge | 
oe 

| stg | 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


po Characteristic | Symbot | Min | Max | Unit _ | 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage ViBR)GSS Vde 
(Ig = 10 wAdc, Vps = 0) 
Gate Reverse Current IGss 
- (VGsg = 30 Vdc, Vps = 0) nAdc 
pAdc 
_ el : 
VGs 


(Vgg = 30 Vdc, Vps = 0, Ta = 150°C) 


Gate Source Cutoff Voltage 

(Vps = 15 Vdc, Ip = 1.0 wAdc) 2N5265, 2N5266 
2N5267, 2N5268 
2N5269, 2N5270 


Gate Source Voltage 


(Vps = 15 Vdc, Ip = 0.05 mAdc) 2N5265 
(Vps = 15 Vde, Ip = 0.08 mAdc) 2N5266 
(Vps = 15 Vdc, Ip = 0.15 mAdc) — 2N5267 
(Vps = 15 Vdc, Ip = 0.25 mAdc) 2N5268 
(Vps = 15 Vdc, Ip = 0.4 mAdc) 2N5269 


(Vps = 15 Vde, Ip = 0.7 mAdc) 2N5270 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 

(Vps = 15 Vdc, Ves = 0). 2N5265 
2N5266 
2N5267 
2N5268 
2N5269 
2N5270 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = 15 Vde, Ves = 0, f = 1.0 kHz) 2N5265 
2N5266 

2N5267 

-2N5268 

2N5269 
2N5270 


Output Admittance Common Source 
(Vps = 15 Vdc, VGsg = 0, f = 1.0 kHz) 
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2N5265 thru 2N5270 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 
Characteristic . 


Common Source Forward Transconductance 
-(Vpg = 15 Vde, Ves = 0, f = 100 MHz) 2N5265 
2N5266 
2N5267 
2N5268 
2N5269 
2N5270 


input Capacitance 


(Vps = 15 Vde, Vgsg = 0, f = 1.0 MHz) 
Reverse Transfer Capacitance 
(Vps = 15 Vdc, Vgs = 0, f = 1.0 MHz) 
FUNCTIONAL CHARACTERISTICS 
Noise Figure 
(Vps = 15 Vde, Ves = 0, Rg = 1.0 M ohm, 
f = 100 Hz, BW = 1.0 Hz) 
Equivalent Short-Circuit Input Noise Voltage 
(Vps = 15 Vde, Vgsg = 0, f = 100 Hz, BW = 1.0 Hz) 


FIGURE 1—6 TRANSFER CHARACTERISTIC CURVES 
FOR MIN/MAX Ipss LIMITS 
FIGURE 1 FIGURE 2 
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2N5265 thru 2N5270 
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FIGURES 7-12 — TYPICAL AND MINIMUM FORWARD TRANSFER ADMITTANCE 


FIGURE 7 FIGURE 8 
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2N5265 thru 2N5270 


FIGURE 11 FIGURE 12 
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TYPICAL CURVES 


FIGURE 13 — OUTPUT RESISTANCE FIGURE 14 — CAPACITANCE versus 
versus DRAIN CURRENT DRAIN-SOURCE VOLTAGE 
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2N5265 thru 2N5270 


FIGURE 17 — DRAIN CURRENT TEMPERATURE FIGURE 18 — FORWARD TRANSADMITTANCE 
COEFFICIENT versus DRAIN CURRENT a COEFFICIENT versus DRAIN CURRENT 
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oS RE 


2N5457 
2N5458 
2N5459 


CASE 29-02, STYLE 5 
-TO-92 (TO-226AA) 


MAXIMUM RATINGS 


JFET 
GENERAL PURPOSE 


N-CHANNEL — DEPLETION 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Junction Temperature Range 
Storage Channel Temperature Range —65 to + 150 


Refer to 2N4220 for graphs. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Characteristic |_Symbot_| min | Typ | Max | Unit | 
Gate-Source Breakdown Voltage V(BR)GSS Vdc 
(Ig = -—10 wAdc, Vps = 0) 
Gate Reverse Current nAdc 
(VGs = —15 Vde, Vps = 0) 
” ats ; 
VGS 


(VGs = —15 Vdc, Vps = 0, Ta = 100°C) 
MRE - 


OFF CHARACTERISTICS 


Gate Source Cutoff Voltage 
(Vps = 15 Vdc, Ip = 10 nAdc) 2N5457 
2N5458 

2N5459 


- Gate Source Voltage 
(Vps = 15 Vdc, Ip = 100 wAdc) 2N5457 
(Vps = 15 Vdc, Ip = 200 wAdc) 2N5458 
(Vps = 15 Vdc, Ip = 400 Adc) 2N5459 
ON CHARACTERISTICS 
Zero-Gate-Voltage Drain Current* 
(Vps = 15 Vdc, Vgg = 0) 2N5457 
2N5458 
2N5459 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance Common Source* 
(Vps = 15 Vde, Veg = 0, f = 1.0 kHz) 2N5457 
2N5458 
2N5459 


Output Admittance Common Source* 


(Vps = 15 Vdc, Vgs = 0, f = 1.0 kHz) 


Input Capacitance 
(Vps = 15 Vdc, Veg = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 15 Vde, Vgs = 0, f = 1.0 MHz) 


*Pulse Test: Pulse Width < 630 ms; Duty Cycle < 10%. 
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2N5460 
thru 
2N5465 


CASE 29-02, STYLE 7 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Symbol 


2N5460 | 2N5463 
2N5461 | 2N5464 
2N5462 | 2N5465 
Drain-Gate Voltage 
Ty 


Forward Gate Current IG(f) 


Vde 
Vdc 
| eit) 
Total Device Dissipation @ Ta = 25°C ee ee aed 
Derate above 25°C 2.82 mw/°C 
ae 


JFET 
AMPLIFIER 


P-CHANNEL — DEPLETION 


Pao | 60 | vac 
[Reverse GateSource Votage | Vga [0 | 0 | vao 


Junction Temperature Range —65 to +135 
Storage Channel Temperature Range —65 to +150 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 
Gate-Source Breakdown Voltage V(BR)GSS 
(Ig = 10 wAdc, Vps = 0) 2N5460, 2N5461, 2N5462 40 
2N5463, 2N5464, 2N5465 60 


Gate Reverse Current IGss 
(VGs = 20 Vdc, Vps = 0) 2N5460, 2N5461, 2N5462 
(VGs = 30 Vdc, Vps = 0) 2N5463, 2N5464, 2N5465 
(VGs = 20 Vdc, Vps = 0, Ta = 100°C) 2N5460, 2N5461, 2N5462 
(VGs = 30 Vdc, Vps = 0, Ta = 100°C) 2N5463, 2N5464, 2N5465 


Gate Source Cutoff Voltage VGS(off) 
(Vps = 15 Vde, Ip = 1.0 wAdc) 2N5460, 2N5463 
; 2N5461, 2N5464 
2N5462, 2N5465 


Gate Source Voltage 
(Vps = 15 Vdc, Ip = 0.1 mAdc) 2N5460, 2N5463 
(Vps = 15 Vdc, Ip = 0.2 mAdc) 2N5461, 2N5464 
(Vps = 15 Vdc, Ip = 0.4 mAdc) 2N5462, 2N5465 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vps = 15 Vdc, Ves = 0, 2N5460, 2N5463 
= 1,0 kHz) 2N5461, 2N5464 
. 2N5462, 2N5465 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = 15 Vde, Veg = 0, f = 1.0 kHz) 2N5460, 2N5463 
2N5461, 2N5464 
2N5462, 2N5465 


Output Admittance 
(Vps = 15 Vdc, Vgsg = 0, f = 1.0 kHz) 


Input Capacitance 
(Vps = 15 Vdc, Ves = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance . 
(Vps = 15 Vde, Veg = 0, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vps = 15 Vdc, Vgsg = 0, Rg = 1.0 Megohm, f = 100 Hz, BW = 1.0 Hz) 


Equivalent Short-Circuit Input Noise Voltage nV/V Hz 
(Vps = 15 Vdc, Ves = 0, f = 100 Hz, BW = 1.0 Hz) 
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2N5460 thru 2N5465 


DRAIN CURRENT versus GATE | FORWARD TRANSFER ADMITTANCE 
SOURCE VOLTAGE versus DRAIN CURRENT 
FIGURE 1 — VGsioff) = 2-0 VOLTS FIGURE 4 — VGsioff) = 2.0 VOLTS 
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2N5460 thru 2N5465 


FIGURE 7 — OUTPUT RESISTANCE FIGURE 8 — CAPACITANCE VERSUS 
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FIGURE 11 — EQUIVALENT LOW FREQUENCY CIRCUIT 
Vi 
Common Source 
y Parameters for Frequencies 
Below 30 MHz 
- Vig = ie Cigg 
Vos = 1 Cgy* + Ir osg 
Yts~ Yfs | 
= = — — Ves = “10 Cregg 
*Cosp is Coss in parallel with Series Combination of Ciss and Crsg. 
NOTE: . 
1. Graphical data is presented for dc conditions. Tabular data is 
given for pulsed conditions (Pulse Width = 630 ms, Duty Cycle = 
10%). 
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. _ 2N5484 
| — thru 
; Q2N5486 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


[Rating ———SSS*d'CSembo | Voue | une 
(Cece 
Reverse Gew-Source Votage | Vasa | 25 | veo 
[Forward Gate Curent dig) 10 mae 


Total Device Dissipation @ Tc = 25°C 310 mw 
Derate above 25°C 2.82 mWw/°C 

Operating and Storage Junction TJ, Tstg | —65to +150 °C 
Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 
Gate-Source Breakdown Voltage V(BR)GSS 
(Ig = —1.0 pAde, Vps = 0) 
Gate Reverse Current IGss 
(VGs = —20 Vdc, Vps = 0) nAdc 
(VGs = —20 Vdc, Vps = 0, Ta = 100°C) ae 
Gate Source Cutoff Voltage — VGS(off) 
(Vps = 15 Vdc, Ip = 10 nAdc) 2N5484 
2N5485 
2N5486 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vps = 15 Vdc, Ves = 0) 2N5484 
2N5485 
2N5486 


JFET 
VHF/UHF AMPLIFIER 


N-CHANNEL — DEPLETION 


Refer to 2N4416 for graphs. 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = 15 Vde, Ves = 0, f = 1.0 kHz) 


Input Admittance 
(Vps = 15 Vdc, VG 2N5484 
(Vps = 15 Vde, VG 2N5485, 2N5486 


Output Admittance 
(Vps = 15 Vdc, Vgg = 0, f = 1.0 kHz) 2N5484 
2N5485 
2N5486 


Output Conductance | 
(Vps = 15 Vdc, Vgg = 0, f = 100 MHz) 2N5484 
(Vpg = 15 Vdc, Veg = 0, f = 400 MHz) 2N5485, 2N5486 


Forward Transconductance 
(Vps = 15 Vdc, Veg = 0, f = 100 MHz) 2N5484 


(Vps = 15 Vde, Veg = 0, f = 400 MHz) 2N5485 
| 2N5486 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


6-62 


and Svat Cate 2 RO HR 


2N5484 thru 2N5486 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | 


Input Capacitance Ciss 
(Vps = 15 Vdc, Veg = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance Crss 
(Vps = 15 Vde, Vgg = 0, f = 1.0 MHz) 

Output Capacitance Coss 
(Vps = 15 Vde, Vgs = 0, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vps = 15 Vde, Vgs = 0, Rg = 1.0 Megohm, f = 1.0 kHz) 


(Vps = 15 Vdc, Ip = 1.0 mAdc, 2N5484 

Rg ~ 1.0 k ohm, f = 100 MHz) 

(Vps = 15 Vdc, Ip = 1.0 mAdc, 2N5484 

Rg ~ 1.0 k ohm, f = 200 MHz) 

(Vps = 15 Vdc, Ip = 4.0 mAdc, 2N5485, 2N5486 
Rg ~ 1.0 k ohm, f = 100 MHz) 

(Vps = 15 Vde, Ip = 4.0 mAdc, 2N5485, 2N5486 


Rg ~ 1.0 k ohm, f = 400 MHz) 
Common Source Power Gain 


(Vps = 15 Vde, Ip = 1.0 mAde, f = 100 MHz) 2N5484 
(Vps = 15 Vdc, Ip = 1.0 mAdc, f = 200 MHz) 2N5484 
(Vps = 15 Vdc, Ip = 4.0 mAdc, f = 100 MHz) 2N5485, 2N5486 


(Vps = 15 Vde, Ip = 4.0 mAdc, f = 400 MHz) 2N5485, 2N5486 
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2N5555 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Rating 


JFET 
SWITCHING 


N-CHANNEL — DEPLETION 


Forward Gate Current 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C mWw/°C 


Junction Temperature Range —65 to +150 Fe. || 
Storage Temperature Range —65 to +150 8G, 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Gate-Source Breakdown Voltage V(BR)GSS Vde 
(Ig = 10 wAdc, Vps = 0) 
Gate Reverse Current I6ss nAdc 
(VGs = 15 Vde, Vps = 0) 
Drain Cutoff Current ID(off) nAdc 
pAdc 


OFF CHARACTERISTICS 


(Vps = 12 Vde, Vs = —10 V) 
(Vps = 12 Vde, Vgg = —10V, Ta = 100°C) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current* 
(Vps = 15 Vde, Ves = 0) 


Gate-Source Forward Voltage 
(IG(f) = 1.0 mAdc, Vpsg = 0) 


Drain-Source On-Voltage 
(Ip = 7.0 mAdc, Vgs = 0) 


Static Drain-Source On Resistance 
(Ip = 0.1 mAdc, Ves = 0) 


SMALL-SIGNAL CHARACTERISTICS 


Small-Signal Drain-Source “‘ON” Resistance 
(Vgs = 0, ID = 0, f = 1.0 kHz) 


Input Capacitance 
(Vps = 15 Vde, Veg = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 0, Ves = 10 Vde, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS 


Turn-On Delay Time (Vpp = 10 Vde, Ip(on) = 7.0 mAdc, 


Rise Time VGS(on) = 9 VGS(off) = — 10 Vdc) 
(See Figure 1) 


Turn-Off Delay Time (Vpp = 10 Vdc, Ip(on) = 7.0 mAdc, 


Fall Time VGSion) = 9, VGS(off) = —10 Vdc) 
(See Figure 1) 


*Pulse Test: Pulse Width < 300 us, Duty Cycle < 3.0%. 
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2N5555 


FIGURE 1 — SWITCHING TIMES TEST CIRCUIT 


bug. Pulse Width ———_—_—> | 
| ~ | ——— VG6Sion) 


50 Ohm 
Coaxial 


TEKTRONIX 


| | 
| 
567 INPUT | | l VGS(off) 
SAMPLING ea : , 
PULSE 50 Ohm Coaxial Cable oe _ Input Pulse —+| res Input Pulse 
GENERATOR | Rise Time 1 | Fall Time 
(50 Ohms) l | 
Rin = 50 Ohms | 
| 
| | 
| | 
+ | | 
INPUT PULSE OUTPUT 
Rise Time < 1.0 ns 
Fall Time < 1.0 ns 
Nominal Value of “on” Pulse Width = 400 ns 
Duty Cycle < 1.0% 
Generator Source Impedance = 50 Ohms 
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2N5638 
2N5639 
2N5640 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


JFET 
SWITCHING 


N-CHANNEL — DEPLETION 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Refer to 2N5653 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot_ | Min | Max | Unit __| 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Ig = 10 wAdc, Vps = 0) 
Gate Reverse Current 


(VGs = —15 Vde, Vps = 0) nAdc 
(VGs = —15 Vde, Vps = 0, Ta = 100°C) pAdc 


Drain Cutoff Current 
(Vps = 15 Vde, Ves 
(Vps = 15 Vdc, Ves 
(Vps = 15 Vde, Ves 
(Vps = 15 Vdc, V6g 
(Vps = 15 Vde, V6sg 
(Vps = 15 Vde, Ves 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(1) 
| (Vps = 20 Vdc, Ves = 0) 2N5638 50 
: 2N5639 25 
| 2N5640 5.0 


Drain-Source On-Voltage VDS(on) 
(Ip = 12 mAdc, Veg = 0) 2N5638 . 
(Ip = 6.0 mAdc, Ves = 0) 2N5639 
(Ip = 3.0 mAdc, VGg = 0) 2N5640 
Static Drain-Source On Resistance 'DS(on) ei 


— 12 Vdc) 2N5638 . nAdc 
—8.0 Vdc) 2N5639 

—6.0 Vdc) 2N5640 | : 

—12 Vdc, Ta = 100°C) 2N5638 : pAdc 
—8.0 Vdc, Ta = 100°C) 2N5639 

—6.0 Vdc, Ta = 100°C) 2N5640 


nou wb ue wt it 


(Ip = 1.0 mAdc, Vgg = 0) 2N5638 
2N5639 
2N5640 


| 
| SMALL-SIGNAL CHARACTERISTICS 


Static Drain-Source “ON” Resistance 
(Vgs = 0, Ip = 0, f = 1.0 kHz) 2N5638 
2N5639 
2N5640 


Input Capacitance 
(Vps = 0, VGsg = —12 Vde, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 0, Vgg = —12 Vdc, f = 1.0 MHz) 
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| 
« 
1 
i 

| 
' 
| 
i 
4 
I 
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4 
4 
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2N5638, 2N5639, 2N5640 
ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Pp Characteristic | Symbol | Min | Max | Unit 


SWITCHING CHARACTERISTICS 


Turn-On Delay ID(on) = 12 mAdc 2N5638 
Time 6.0 mAdc 2N5639 
3.0 mAdc 2N5640 

Rise Time Vpp = 10 Vdc, ID(on) = 12 mAdc 2N5638 
6.0 mAdc 2N5639 

VGSi(on) = 9, 3.0 mAdc 2N5640 


Turn-Off Delay VGSi(off) = — 10 Vdc, ID(on) = 12 mAdc 2N5638 td(off) 
Time 6.0 mAdc 2N5639 
Rg’ = 50 ohms 3.0 mAdc 2N5640 
Fall Time . = 2N5638 
6.0 2N5639 
‘ 2N5640 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 3.0%. 
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2N5653 
2N5654 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 
| Rating =| Symbol | Value 
Drain-Gate Voltage | Voc | 30 | vd 
| ice | 0 


JFET 
SWITCHING 


N-CHANNEL — DEPLETION 


Reverse Gate-Source Voltage VGSR 
Forward Gate Current 


Total Device Dissipation @ Ta = 25°C 310 mW 
Derate above 25°C 2.82 mWw/°C 


Storage Temperature Range —65 to +150 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit __| 
Gate-Source Breakdown Voltage V(BR)GSS Vdc 
(Ig = 10 pAdc, Vpsg = 0) 
Gate Reverse Current 
nAdc 
pAdc 


OFF CHARACTERISTICS 


(Vgs = —15 Vde, Vps = 0) 
(VGs = —15 Vde, Vps = 0, Ta = 100°C) 


Drain Cutoff Current 


(Vps = 15 Vde, Vgg = —12 Vdc) 2N5653 nAdc 
(Vpg = 15 Vde, Vgg = —8.0 Vdc) 2N5654 
(Vps = 15 Vde, Vgg = —12 Vde, Ta = 100°C) 2N5653 pAdc 


(Vps = 15 Vde, Vgg = —8.0 Vdc, Ta = 100°C) 
ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(1) 
(Vps = 20 Vdc, Ves = 0) 2N5653 
2N5654 


2N5654 


Drain-Source On-Voltage 
(Ip = 10 mAdc, Ves = 0) 2N5653 
(ID = 5.0 mAdc, Vgs = 0) 2N5654 


SMALL-SIGNAL CHARACTERISTICS 


Static Drain-Source “ON” Resistance 
(Ve6s = 0, Ip = 1.0 mAdc) 2N5653 
2N5654 


(Vg6s = 0, Ip = 0, f = 1.0 kHz) 2N5653 
. 2N5654 


Input Capacitance 
(Vps = 0, Ves = —12 Vde, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 0, Vgs = —12 Vde, f = 1.0 MHz) 2N5653 
(Vps = 0, Ves = —8.0 Vde, f = 1.0 MHz) 2N5653 
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2N5653, 2N5654 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


PF haracteristic | Symbot_ | Min | Max | Unit | 


SWITCHING CHARACTERISTICS 
4.0 
6.0 


Test Condition for 2N5653: 
Turn-On Delay Time 


(Vpp = 10 Vdc, VGs(on) = 0, 2N5653 
VGSloff) = —12 Vdc, 2N5654 
Rise Time ID(on) = 10 mAdc, 2N5653 t | «BO 
Test Condition for 2N5654: 
Turn-Off Delay Time (Vpp = 10 Vdc, VGsi(on) = 9, 2N5653 pwn | = | ose | ow 
VGS(off) = —12 Vde, 2N5654 - 
Fall Time ID(on) = 5.0 mAdc, 2N5653 
Rg’ = 50 Ohms) 2N5654 tf 


(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 3.0%. 


FIGURE 1 — SWITCHING TIME TEST CIRCUIT 


RL= Yoo -(rds(on) + 50) 
Ip 0.001 pF 


TO 50 0HM 
INPUT SCOPE B 
(SCOPE A) at 
0.1 uF 
PULSE 
GENERATOR 
tdloff) 4 VGS(on) TO 50 OHM 
SCOPE A 
OUTPUT -VGSloft SCOPE 
(SCOPE B) mm TEKTRONIC 567A 
INPUT PULSE: OR EQUIVALENT 
tr < 1.0 ns = 
f = 1.0 kHz 
Duty Cycle < 1.0% 
SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N5668 
2N5669 
2N5670 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


_____ Rating | Symbol | Value | Unit 
[Reverse Gate-Source Voltage | Vasr | 25 | Ve 
[DrainCurrent Tt 
[Forward Gate Current | ty) | 10 | mA 

Total Device Dissipation @ Ta = 25°C poe ee ee 
Derate above 25°C 2.82 mwi°c 


Storage Channel Temperature Range Tstq —65 to +150 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


JFET 
VHF AMPLIFIER 


N-CHANNEL — DEPLETION 


OFF CHARACTERISTICS 
Gate-Source Breakdown Voltage V(BR)GSS Vdc 
(Ig = 10 wAdc, Vps = 0) 
Gate Reverse Current IGss 
(Vgg = —15 Vde, Vps = 0) : nAdc 
(VGs = —15 Vde, Vps = 0, Ta = 100°C) : |)  pAdc 


Gate Source Cutoff Voltage VGS(off) Vdc 
(Vps = 15 Vdc, Ip = 10 nAdc) 2N5668 : 
2N5669 ; 
2N5670 ; 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(1) 
(Vps = 15 Vde, VGs = 0) 2N5668 
2N5669 
2N5670 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance . 
(Vps = 15 Vdc, Ves = G, f = 1.0 kHz) 2N5668 
2N5669 
2N5670 


Input Admittance 
(Vpsg = 15 Vde, Veg = 0, f = 100 MHz) 


Output Admittance . 
(Vps = 15 Vde, Veg = 0, f = 1.0 kHz) 2N5668 
2N5669 
2N5670 


Output Conductance 
(Vps = 15 Vde, Ves = 0, f = 100 MHz) 2N5668 
2N5669 
2N5670 


Forward Transconductance 
(Vps = 15 Vde, Ves = 0, f = 100 MHz) 2N5668 
~ 2N5669 
2N5670 


Input Capacitance 
(Vps = 15 Vdc, Vgs = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 15 Vde, Veg = 0, f = 1.0 MHz) 
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2N5668, 2N5669, 2N5670 


ELECTRICAL CHARACTERISTICS continue?) (Ta = 25°C unless otherwise noted.) 


Output Capacitance Coss 
(Vps = 15 Vdc, Vgg = 0, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 


Noise Figure (Figure 1) 
(Vps = 15 Vde, VGsg = 0, f = 100 MHz at RG’ = 1.0 k ohm) 


Common Source Power Gain (Figure 1) 
(Vps = 15 Vde, Vgsg = 0, f = 100 MHz) 


(1) Pulse Test: Pulse Width = 100 ms, Duty Cycle < 10%. 


FIGURE 1 — 100 MHz, POWER GAIN AND NOISE FIGURE TEST CIRCUIT 


R, = 500hms 
Ci 0.001 pF 
Rg = 50 Ohms nee RF Choke 
0.001 uF 
0.1 uF 

L1 = 8.5 Turns of #14 AWG Tinned Copper; Dia. ~ 3/8”, ~ 0.9" Long. = L3 = 17 Turns of #28 AWG Enameled 
Tapped at ~ 2-1/2 Turns (adjust to give Rg’ = 1.0 k ohm); Copper Wire, Close Wound on 9/32” 
Parallel Resistance = 40 k ohms; tunes at ~ 8.6 pF. Ceramic Form, Tuning Provided by a 

L2 ~ 13.5 Turns #16 AWG Tinned Copper; Dia. ~ 3/8”, ~ 1.2” Long. Powdered Iron Slug. 
Tapped at ~ 5 Turns; Parallel Resistance = 40 k ohms; 
tunes at ~ 4.0 pF. 
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2N6659 
2N6660 
2NG661 
MPF6659 
MPF6660 
MPF6661 


2N6659,60,61 
CASE 79-02, STYLE 6 
TO-39 (TO-205AD) 


CASE 29-03, STYLE 22 


. . 2N6659 | 2N6660 | 2N6661 
‘Rating - MPF6659 | MPF6660 | MPF6661 
Gate-Source Voltage ad 
Adc 
Pulsed (2) 
Watts 
@ Ta = 25°C 1.0 
8.0 
SWITCHING TRANSISTOR (1) The Power Dissipation of the package may result in a lower continuous drain 


MAXIMUM RATINGS . 
"| Drain-Source Voltage | vps | 35 | 60 | 90 | Vac | 
Drain-Gate Voltage | Voc | 35 [| 60 [| 90° | Vac | 
Drain Current — 
Continuous (1) 
2N6659 MPF6659 
2N6660 MPF6660 
MPF6661 
Total Device Dissipation 
Derate above 25°C 
Total Device Dissipation 
TO-226AE Derate above 25°C 
: Operating and Storage Junction | Ty, Tstg -55 to + 150 °C 
TMOS Temperature Range Tata 
current. 
Cee eee ceme ne (2) Pulse Width < 300 ps, Duty Cycle < 2.0%. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Zero-Gate-Voltage Drain Current pAdc 
(Vps = Maximum Rating, Vgs = 0) 
Gate-Body Leakage Current . IGss nAdc 
(VGs = 15 V, Vps = 0) 
Drain-Source Breakdown Voltage V(BR)DSX Vdc 
(Vgs = 0, Ip = 10 pA) 2N6659, MPF6659 35 
2N6660, MPF6660 60 
2N6661, MPF6661 90 
ON CHARACTERISTICS(1) 
Gate Threshold Voltage VGS(Th) 1.4 Vde 
(Vps = VGs. Ip = 1.0 mA) 
Drain-Source On-Voltage Vdc 
(VGg = 10 V, Ip = 1.0 A) 2N6659, MPF6659 
2N6660, MPF6660 
2N6661, MPF6661 


OFF CHARACTERISTICS 


(Vgg = 5.0 V, Ip = 0.3 A) 2N6659, MPF6659 
2N6660, MPF6660 
2N6661, MPF6661 


Static Drain-Source On Resistance 

(Vgs = 10 Vdc, Ip = 1.0 Adc) 2N6659, MPF6659 
2N6660, MPF6660 
2N6661, MPF6661 


On-State Drain Current 
(Vps = 25 V, Ves = 10 V) 


SMALL-SIGNAL CHARACTERISTICS 


Input Capacitance 
(Vps = 25 V, Ves = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 25 V, Ves = 0, f = 1.0 MHz) 


Output Capacitance 
(Vps = 25 V, Ves = 0, f = 1.0 MHz) 


Forward Transconductance 
(Vps = 25 V, Ip = 0.5 A) 
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2N6659, 2N6660, 2N6661, MPF6659, MPF6660, MPF6661 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


[Characteristic | Symbol“ | Min | Typ | Max | Unit | 


SWITCHING CHARACTERISTICS(1) 


Turn-Off Time 
(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 


RESISTIVE SWITCHING 


FIGURE 1 — SWITCHING TEST CIRCUIT FIGURE 2 — SWITCHING WAVEFORMS 
+ 25V 


To Sampling Scope 
50 © Input 


Pulse Generator 


Output y 
Inverted oe 


Input Vin : 

| FIGURE 3 — VGsi(th) NORMALIZED versus TEMPERATURE FIGURE 4 — ON-REGION CHARACTERISTICS 
a oe ee ee ae 
. ee es a a al 
< ee Re a ee ae ae 
S ee an a ee 
: ne — 
: Zea 
= Me 4a 
E » 2a 
ei | | | 
caee! RaCSy ea vee ae 

5 1.0 2.0 3.0 4.0 
Ty, JUNCTION TEMPERATURE Vpg, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


FIGURE 5 — OUTPUT CHARACTERISTICS FIGURE 6 — CAPACITANCE versus DRAIN-TO-SOURCE VOLTAGE 


a ee ee Eales eee ese 


100 


- ot tt Pes Pry tl 
= 2a eee eens 
= gm Na me a | Wt 
g Naa eee Ss 
ay AGREES 
. °“ OSSEEEEEE 
e eh: 2S eee 

Ne 
PNA EE Tere 
0 10 20 30 40 0 10 20 30 40 50 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
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2N6659, 2N6660, 2N6661, MPF6659, MPF6660, MPF6661 


FIGURE 7 — ON-VOLTAGE versus TEMPERATURE 


aN GANIIIITOTED 
INET 
HINT ALY ATE 
NA 
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TT 
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thi TT NINTH: 
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(SLIOA) 3DVLIOA 30NOS-OL-NIVHO ‘ws0, 


——L.| 
70 
Ty, JUNCTION TEMPERATURE rc 


3080 
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3N128 


CASE 20-03, STYLE 7 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 


MOSFET 
AMPLIFIER 


N-CHANNEL — DEPLETION 


Vde 
Vde 
|DrainCurrent | | 8 
Total Device Dissipation @ Ta = 25°C fe ee mW 
Derate above 25°C mWw/°C 
Operating and Storage Junction 
Temperature Range 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


| Characteristic |_Symbot_| Min | Max | Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Volitage(1) V(BR)GSS Vde 
(lg = —10 wAdc, Vps = 0) 


Gate Reverse Current Igss nAdc 
(VGs = —8.0 Vdc, Vps = 0) 

Gate Source Cutoff Voltage VGS(off) Vdc 
(Vps = 15 Vdc, Ip = 50 wAdc) 


(VGs = —8.0 Vde, Vps = 0, Ta = 125°C) 
ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(2) mAdc 
(Vps = 15 Vdc, Vgs = 0) 


SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance | lYfs| pmhos 
(Vps = 15 Vdc, Ip = 5.0 mAdc, f = 1.0 kHz) 

Input Admittance Re(yjs) 800 pmhos 
(Vps = 15 Vdc, Ip = 5.0 mAdc, f = 200 MHz) 

Output Conductance Re(ygs) pmhos 
(Vps = 15 Vdc, Ip = 5.0 mAdc, f = 200 MHz) 

Forward Transconductance Re(yfs) umMhos 
(Vps = 15 Vde, Ip = 5.0 mAde, f = 200 MHz) 

Input Capacitance Ciss 7.0 
(Vps = 15 Vdc, Ip = 5.0 mAdc, f = 1.0 MHz) | 


Reverse Transfer Capacitance 
(Vps = 15 Vde, Ip = 5.0 mAdc, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vps = 15 Vdc, Ip = 5.0 mAdc, f = 200 MHz) 


Power Gain 
(Vps = 15 Vdc, Ip = 5.0 mAdc, f = 200 MHz) 


(1) Caution Destructive Test, can damage gate oxide beyond operation. 
(2) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
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TYPICAL CHARACTERISTICS 
(Ta = 25°C) 


FIGURE 1 — DRAIN CHARACTERISTICS FIGURE 2 — TRANSFER CHARACTERISTICS 


ip, DRAIN CURRENT (mA) 
Ip, DRAIN CURRENT (mA) 


LETT 
ALE 


Vos, DRAIN-SOURCE VOLTAGE (VOLTS) 


TYPICAL 1 kHz DRAIN CHARACTERISTICS 
(Ta = 25°C, Vps = 15 Vdc, f = 1.0 kHz) 


FIGURE 3 — FORWARD TRANSADMITTANCE FIGURE 4 — FORWARD TRANSADMITTANCE 
versus GATE BIAS VOLTAGE versus DRAIN CURRENT 


lyfs,|FORWARD TRANSADMITTANCE (mmhos) 
lvfs|FORWARD TRANSADMITTANCE (mmhos) 


~ 0 -1.0 -2.0 -3.0 -4.0 
Ves, GATE-SOURCE VOLTAGE (VOLTS) Ip, DRAIN CURRENT (mA) 


TYPICAL 200 MHz COMMON-SOURCE ADMITTANCE CHARACTERISTICS 
(Ta = 25°C, Vps = 15 Vdc, f = 200 MHz) 


FIGURE 5 — INPUT ADMITTANCE (y;j,) COMPONENTS FIGURE 6 — FORWARD TRANSADMITTANCE (y¢,) COMPONENTS 


(mmhos) 


(mmhos) 


gis, INPUT CONDUCTANCE 
bjs, INPUT SUSCEPTANCE 


bfs, FORWARD SUSCEPTANCE 


9fs, FORWARD TRANSCONDUCTANCE 


0 2.0 4.0 6.0. 8.0 10 ; : 
Ip, ORAIN CURRENT (mA) | Ip, DRAIN CURRENT (mA) 
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3N128 


FIGURE 7 — REVERSE TRANSADMITTANCE (y,,) COMPONENTS FIGURE 8 — OUTPUT ADMITTANCE (yg,) COMPONENTS 
1.4 


1.2 


aa 
Ll 
ee 
| | 
| 
|| 
— 
[ieee 
ie 
— | 
= 
a 


(mmhos) 


(mmhos) 


REVERSE SUSCEPTANCE 
Jos, OUTPUT CONDUCTANCE 
bos, OUTPUT SUSCEPTANCE 


ik 


gts, REVERSE TRANSADMITTANCE 


RANE 


3 aa eal 
. 0 rs aes) 
0 
Ip, DRAIN CURRENT (mA) Ip, DRAIN CURRENT (mA) 
FIGURE 9 — POWER GAIN AND NOISE FIGURE FIGURE 10 — POWER GAIN AND NOISE FIGURE 
versus DRAIN CURRENT versus DRAIN VOLTAGE 
ele a ae 
os = 3 ——— z 
s 2 §& ten : 
z e z S 
Ls Q wi Qo 
ge  § a a ae : 
= mn = — m 
Ip, DRAIN CURRENT (mA) Vp, DRAIN VOLTAGE (VOLTS) 


FIGURE 11 — THIRD ORDER INTERMODULATION DISTORTION 


3RD ORDER 
Vps = 15 Vde INTERCEPT $= 
fy = 200.5 MHz | POINTS 
f9 = 201 MHz 


Figure 11 shows the typical third order intermodulation dis- 
tortion (1MD) performance of the 3N128 at 200 MHz. 

Both fundamental output and third order IMD output charac- 
teristics are plotted. The curves have been extrapolated to show 
the third order intermodulation output intercept point. 

Performance for drain currents from |pss to 0.1 Ipgg, is given. 


> ae 
CA a a ae ae The power gain and noise figure test amplifier shown in Figure 12 
posts star sie calle li 'D = 0.3 IDSs to loss was used to generate the IMD data. 
Bg YA 


-180 -160 -140 -120 -100 -80 -60 -40 -20 0 +20 
INPUT POWER PER TONE (dBm) 


OUTPUT POWER PER TONE (dBm) 


FIGURE 12 — POWER GAIN, NOISE FIGURE AND INTERMODULATION DISTORTION TEST CIRCUIT 


0.5-3.0 pF 


OUTPUT 
RL = 5022 


470 pF* 1.0.9.0 pF L1 = 4-1/2 turns #20 AWG wire, 3/16” diameter, 


2 approximately 1/2” long, tapped 1 turn from 
INPUT ground end. 
Rg = 50 82 L2 = 3-1/2 turns #20 AWG wire, 3/8” diameter, 
1000 pF 33 pF approximately 1/2” long 
© 1.09.0  3.0k ; : Bp c 4 *Leadless-type disc capacitor 
pF we 4Neutralization fixed for a Transistor having a 
= Typical value of Crgs (0.13 pF) 
— -14Vé 1000pF == 1000 pF b +16 V 
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3N155 
3N156 


CASE 20-03, STYLE 2 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 


Drain-Source Voltage 


Drain-Gate Voltage 
Gate-Source Voltage 


MOSFET 
SWITCHING 


P-CHANNEL — ENHANCEMENT 


Drain Current 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Junction Temperature Range 


Ty —65 to +175 
Storage Channel Temperature Range 


Refer to 3N157 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic |_ Symbol | Min | Typ | Max | Unit _| 
| Viprypsx | -35 | — | 
(Vps = —10 Vdc, Ves = 0) 


a ec 
—1.0 nAdc 

(Vps = —10 Vdc, Ves = 0, Ta = 125°C) — 1000 

Gate Reverse Current (Vgsg = +50 Vdc, Vps = 0) + 1000 pAdc 

(VGs = +25 Vde, Vps = 0) +10 


Resistance Drain Source (Ip = 0, VGs = 0) 'DS(off) 1x 10+10 | | 


OFF CHARACTERISTICS 
Drain-Source Breakdown Voltage (Ip = —10 wAdc, VG = Vs = 0) 


Zero-Gate-Voltage Drain Current 


Resistance Gate Source Input (VGs = —25 Vdc) 1x 10+16 a ae 


Gate Forward Leakage Current (VGsg = —50 Vdc, Vps = 0) IG(f) — 1000 
(VGs = —25 Vdc, Vps = 0) -10 


ON CHARACTERISTICS 


Gate Threshold Voltage (Vps = —10 Vdc, Ip = —10 pAdc) 3N155 VGS(Th) Vdc 
3N156 
| =10 | Vde 


Drain-Source On-Voltage (Ip = —2.0 mAdc, Vgs = —10 Vdc) VDS(on) fo | 
Static Drain-Source On Resistance (Ip = 0 mAdc, V@g = —10 Vdc) | rpsion) | — | — | 600 | Ohms | 
On-State Drain Current_(Vps = ~ 18 Vde, Veg = ~10 Vdc) | !pjon) | -50 | — [| = | made | 


SMALL-SIGNAL CHARACTERISTICS 


Drain-Source Resistance 
(VGs = —10 Vde, Ip = 0, f = 1.0 kHz) 


400 
(VGs = —15 Vde, Ip = 0, f = 1.0 kHz) 350 
Forward Transfer Admittance \Yfsl 4000 pmhos 
(Vps = —15 Vdc, Ip = —2.0 mAdc, f = 1.0 kHz) 
Input Capacitance Ciss pF 
(Vps = —15 Vdc, Vgg = —10 Vde, f = 140 kHz) 
Reverse Transfer Capacitance Crss 
(Vps = 0, Ves = 0, f = 140 kHz) 
Drain-Substrate Capacitance Cd(sub) 
(Vp(SUB) = —10 Vde, f = 140 kHz) 
SWITCHING CHARACTERISTICS 


Turn-On Delay 
(Vpp = —10 Vde, Ipjon) = 2.0 mAde, 
Turn-Off Delay VGS(on) = — 10 Vde, VGsioff) = 9) 


Fall Time 
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3N157 
3N158 


CASE 20-03, STYLE 2 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 


lbaitendieegee wg 
| Gate-Source Voltages | GS 


Drain Current* 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C* 


Junction Temperature Range* i —65 to +175 ae 
Storage Channel Temperature Range* —65 to +175 


*JEDEC Registered Limits 


MOSFET 
AMPLIFIER AND SWITCHING 


P-CHANNEL — ENHANCEMENT 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


po haracteristic | Symbol | Min | Typ | Max | Unit _| 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage (Ip = —10 #Adc, Vg = Vs = 0) vprypsx | -35 | — | — | vac | 


Zero-Gate-Voltage Drain Current (Vpsg = —15 Vdc, Vgsg = 0) —1.0 nAdc 
—10 pAdc 


(Vps = —35 Vde, Ves = 0) 


Gate Reverse Current* (VGs = +25 Vdc, Vps = 0) +10 pAdc 
(VGs = +50 Vde, Vps = 0) +10 nAdc 


Input Resistance (Vgs = —25 Vdc) | Regs | — | 1% 10+12 |  — | Ohms | 


Gate Source Volitage* 
(Vps = —15 Vde, Ip = —0.5 mAdc) - 3N157 


Gate Forward Current* (VGs = ~—25 Vdc, Vp 


S 

(VGs = —50 Vdc, Vps 
= S 

S 


(VGs = —25 Vdc, Vp 
(VGs = —50 Vdc, Vp 


ON CHARACTERISTICS 


Gate Threshold Voltage* 
(Vps = —15 Vde, Ip = —10 wAdc) 


“= as} - |-2| 
On-State Drain Current* mAdc 
(Vps = —15 Vdc, Vgg = —10 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance* lyfsl 4000 | pumhos 
(Vpg = —15 Vde, Ip = —2.0 mAdc, f = 1.0 kHz) 
Output Admittance* lYosl pmhos 
(Vps = —15 Vdc, Ip = —2.0 mAdc, f = 1.0 kHz) 
Input Capacitance* Ciss 
(Vps = —15 Vde, Vgg = 0, f = 140 kHz) 
Reverse Transfer Capacitance* Crss pF 
(Vpg = —15 Vdc, Vgg = 0, f = 140 kHz) 
Drain-Substrate Capacitance Cd(sub) 
(Vp(SUB) = —10 Vdc, f = 140 kHz) . 


Pe EAE — 


(Rg = 0, BW = 1.0 Hz, 
SMALL-SIGNAL DEVICES | MOTOROLA SEMICONDUCTORS 


Vps = —15 Vdc, Ip = —2.0 mAdc, f = 100 Hz) 
(Rg = 0, BW = 1.0 Hz, 
Vps = —15 Vdc, lp = —2.0 mAdc, f = 


*JEDEC Registered Limits 


1.0 kHz) 
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3N157, 3N158 


FIGURE 1 — FORWARD TRANSCONDUCTANCE FIGURE 2 — OUTPUT TRANSCONDUCTANCE 
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| FIGURE 3 — FORWARD TRANSCONDUCTANCE FIGURE 4 — BIAS CURVE 
| versus TEMPERATURE 


si a eer Designers Limits 
Typical 


% CHANGE IN lyfsl 
NORMALIZED AT 25°C 


Ip, DRAIN CURRENT (mA) 
1 


Ta, AMBIENT TEMPERATURE (°C) Ves, GATE-SOURCE VOLTAGE (VOLTS) 


FIGURE 5 — “ON” DRAIN-SOURCE VOLTAGE FIGURE 6 — EQUIVALENT INPUT NOISE VOLTAGE 
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. 7 ‘ 
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3N157, 3N158 


SWITCHING CHARACTERISTICS 


(Ta = 25°C) 
FIGURE 7 — TURN-ON DELAY TIME FIGURE 8 — RISE TIME 
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rn oe ee 
am G2 Ia 

oy py 

2 69 So 70 

2 “COPTe : 

= £ 50 

a eae : 

z aime = 

uu 

S 10 RE z* 

> oa ea o | i — lal 

= -—- Vps = Vgg = -10 V and -15 VV = Vas = -10 V “20 — = = 

| ae a FF nc es a nee 

‘ileal eae ; Iii tt AL 

yy coe eel a 10 
-0.5 -1.0 -2.0 -5.0 -10 -0.5 -1.0 -2.0 -6.0 -10 
Ip, DRAIN CURRENT (mA) Ip, DRAIN CURRENT (mA) 
FIGURE 9 — TURN-OFF DELAY TIME FIGURE 10 — FALL TIME 
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FIGURE 11 — SWITCHING CIRCUIT and WAVEFORMS 
y The switching characteristics shown above were measured 
bo in a test circuit similar to Figure 11. At the beginning of the 
men ing switching interval, the gate voltage is at ground and the gate 
SET Vps=10V V OUTPUT TO SAMPLING source capacitance (Cgs * Crsg * Crsg) has no charge. The drain 
‘ OSCILLOSCOPE voltage is at Vpp and thus the feedback capacitance (Crgs) is 
45k 50 charged to Vpp. Similarly, the drain substrate capacitance 
(Cg(sub)) is charged to Vpp since the substrate and source are 
connected to ground. 

During the turn-on interval Cgg is charged to Vgsg (the input 

0 voltage) through Rg (generator impedance) (Figure 12). Crss 

Vin if = #220 00 must be discharged to VGs * Vp(on) through Rg and the par- 
PW= 10 ys allel combination of the load resistor (Rp) and the channel 
DUTY CYCLE <2.0% resistance (rgg). In addition, Cq(sub) is discharged to a low 
value (Vp(on)) through Rp in parallel with rqg. During turn-off 
this charge flow is reversed. 

0 Predicting turn-on time proves to be somewhat difficult since 
the channel resistance (rgg) is a function of the gate source 
voltage (Vgs). As Cgs becomes charged VGs is approaching 

Vos Vin and rds decreases (see Figure 5) and since Crgg and Cq(sub) 


are charged through rqs, turn-on time is quite non-linear. 

If the charging time of Cgg is short compared to that of Crss 
and Cq(sub), then rds (which is in parallel with Rp) will be low 
compared to Rp during the switching interval and will largely 
determine the turn-on time. On the other hand, during turn- 
off rg will be almost an open circuit requiring Crgg and Cq(sub) 


-10V 


FIGURE 12 — SWITCHING CIRCUIT with MOSFET to be charged through Rp and resulting in a turn-off time that 
EQUIVALENT MODEL is long compared to the turn-on time. This is especially no- 
Vpp ticeable for the curves where Rg °0 and Cg is charged through 


the pulse generator impedance only. 
The switching curves shown with RG « Rp simulate the 
switching behavior of cascaded stages where the driving 
Vos source impedance is normally the same as the load impedance. 
The set of curves with Rg * 0 simulates a low source impedance 
drive such as might occur in complementary logic circuits. 
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3N169 
3N170 
3N171 


CASE 20-03, STYLE 2 
TO-72 (TO-206AF) 


MOSFET 
SWITCHING 


N-CHANNEL — ENHANCEMENT 


Refer to 2N4351 for graphs. 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
(Ip = 10 wAdc, Ves = 0) 


Zero-Gate-Voltage Drain Current 
(Vps = 10 Vdc, Vgs = 0) 


Gate Reverse Current 
(VGs = —35 Vde, Vps = 0) 


ON CHARACTERISTICS 


Gate Threshold Voltage 
(Vps = 10 Vdc, ID = 10 wAdc) 


Drain-Source On-Voltage 
(Ip = 10 mAdc, Vgs = 10 Vdc) 


On-State Drain Current 
(Vgs = 10 Vdc, Vps = 10 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Drain-Source Resistance 
(VGs = 10 Vdc, Ip = 0, f = 1.0 kHz) 


Forward Transfer Admittance 


(Vps = 10 Vdc, Ip = 2.0 mAdc, f = 1.0 kHz) 


Input Capacitance 


(Vpg = 10 Vde, Vgg = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 0, Ves = 0, f = 1.0 MHz) 


Drain-Substrate Capacitance 
(Vp(SUB) = 10 Vdc, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS 


Turn-On Delay Time 


Turn-Off Delay Time 
Fall Time 


See Figure 1 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 
Characteristic 


(Vpsg = 10 Vdc, Veg = 0, Ta = 125°C) 


(VGs = —35 Vde, Vps = 0, Ta = 125°C) 


: (Vpp = 10 Vdc, ID(on) = 10 mAdc, 
VGS(on) = 10 Vdc, VGs(off) = 9, 


Rg’ = 50 Ohms) 


MAXIMUM RATINGS 
Rating — 


Symbol 


Drain-Source Voltage | Vos | 2 | Vde 
Drain-Gate Voltage Vde 


Gate-Source Voltage 


Drain Current 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Storage Temperature Range —65 to +175 


10 nAdc 
1.0 pAdc 
IGss | pAdc 


VGS(Th) 


tr ie ae 
| tao) | = | 30 | ons | 
ee aes ee ee ee 
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3N169, 3N170, 3N171 


FIGURE 1 — SWITCHING TIME TEST CIRCUIT 
VoD 


V 
RL= “la: ~(rds(on) +50) 0.001 uF 


INPUT TO 50 OHM 
(SCOPE A) SCOPE B 
+ = 
0.1 uF 
PULSE 
GENERATOR 
td(off) 
TO 50 OHM 
OUTPUT Sree 
(SCOPE 8) SCOPE 
INPUT PULSE: OSCILLOSCOPE: TEKTRONIX S67A 
t< a3 ns <0kre = OR EQUIVALENT 
t¢ <0. 
PW = Oho Zin < 50 Ohms 
Duty Cycle < 1.0% 
SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


6-83 


3N201 
3N202 
3N203 


CASE 20-03, STYLE 9 
TO-72 (TO-206AF) | 


MAXIMUM RATINGS 


CS Reting ——SSS*d;CS yor | vam | 
[rinses volowe [vag [a8 | vee | 


aa 


| mAde_| 
| Gate Current So = - Sa mAdc 
IG2 +10 
Total Device Dissipation @ Ta = 25°C 360 
Derate above 25°C 2.4 Wie 
Total Device Dissipation @ Tc = 25°C Watt 
Derate above 25°C mWw/°C 
Lead Temperature | wm | so | c 


L C 
Junction Temperature Range —65 to +175 
Storage Channel Temperature Range —65 to +175 


DUAL-GATE MOSFET 
VHF AMPLIFIER 


N-CHANNEL — DEPLETION 


Refer to MPF201 for additional graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Drain-Source Breakdown Voltage 


‘V(BR)DSX 
(ID = 10 pAdc, Vs = 0, VGis = VG2s = —5.0 Vdc) 
Gate 1-Source Breakdown Voltage(1) V(BR)G1SO 
(lg1 = +10 mAdc, VG2s = Vps = 0) 
Gate 2-Source Breakdown Voltage(1) V(BR)G2SO +6.0 + 4 
(lgg = +10 mAdc, VGis = Vps = 0) 
Gate 1 Leakage Current 


(VG1s = +5.0 Vde, VGgas = Vp 
(VGis = —5.0 Vde, Vg2s5 = Vp 


OFF CHARACTERISTICS 


+10 nAdc 


/ TA = 150°C) 


nw 


—10 pAdc 
Gate 2 Leakage Current 
(VG2s = +5.0 Vdc, VGis = Vps = 0) 


IG2ss 
+ .050 +10 nAdc 
(VG2s = —5.0 Vde, VGis = Vps = 0, Ta = 150°C) —10 pAdc 
Gate 1 to Source Cutoff Voltage VG1S(off) Vde 
(Vps = 15 Vde, Vegas = 4.0 Vdc, Ip = 20 wAdc) 
Gate 2 to Source Cutoff Voltage VG2Sioff) Vdc 
(Vps = 15 Vde, Vg1s = 0, Ip = 20 Adc) 


ON CHARACTERISTICS 
Zero-Gate-Voltage Drain Current(2) 


(Vps = 15 Vde, Vg1g = 0, Va2s = 4.0 Vde) 3N201,3N202 
3N203 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance(3) 
(Vps = 15 Vde, Vg2g = 4.0 Vde, Vgi1g = 0,f = 1.0 kHz) 3N201,3N202 
3N203 


Input Capacitance 
(Vps = 15 Vde, Vg2sg = 4.0 Vdc, Ip = pees = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 15 Vde, Vegas = 4.0 Vde, Ip = 10 mAdc, f = 1.0 MHz) 
Output Capacitance 
(Vps = 15 Vdc, Vegas = 4.0 Vdc, Ip = Ipss, f = 1.0 MHz) 
FUNCTIONAL CHARACTERISTICS 
Noise Figure 
(Vpp = 18 Vdc, Vgg = 7.0 Vdc, f = 200 MHz) (Figure 1) 3N201 
(Vpp = 18 Vdc, VGg = 6.0 Vdc, f = 45 MHz) (Figure 3) 3N203 


‘MOTOROLA SEMICONDUCTORS - SMALL-SIGNAL DEVICES 


6-84 


3N201, 3N202, 3N203 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Common Source Power Gain 
(Vpp = 18 Vdc, VGg = 7.0 Vdc, f = 200 MHz) (Figure 1) 3N201 
(Vpp = 18 Vdc, VGg = 6.0 Vde, f = 45 MHz) (Figure 3) 3N203 
(Vpp = 18 Vdc, fLg = 245 MHz, fpr = 200 MHz) (Figure 2) 3N202 
Bandwidth 


(Vpp = 18 Vdc, VGg = 7.0 Vdc, f = 200 MHz) (Figure 1) 
(Vpp = 18 Vde, fLo = 245 MHz, fpf = 200 MHz) (Figure 2) 
(Vpp = 18 Vdc, VGG = 6.0 Vdc, f = 45 MHz) (Figure 3) 


Gain Control Gate-Supply Voltage(4) 


(Vpp = 18 Vdc, AGpg = —30 dB, f = 200 MHz) (Figure 1) 
(Vpp = 18 Vde, AGps = —30 dB, f = 45 MHz) (Figure 3) 


(1) All gate breakdown voltages are measured while the device is conducting rated gate current. This ensures that the gate-voltage limiting 
network is functioning properly. 


(2) Pulse Test: Pulse Width = 300 us, Duty Cycle < 2.0%. 
(3) This parameter must be measured with bias voltages applied for less than 5 seconds to avoid overheating. 


(4) AGpg is defined as the change in Gpg from the value at VGG = 7.0 volts (3N201) and VGG = 6.0 volts (3N203). 
(5) Power Gain Conversion 


FIGURE 1 — 200-MHz TEST CIRCUIT SCHEMATIC 


FOR 3N201 
VGG 0+18 V 
e 


0.001 uF ale 
10k 


TUT 
. L2 
560 k 0.001 uF a ¥o 78.2 
O O 
T se = 0.001 pF EOed 


G1 


From 75-Q (> 
Source 


0.001 uF 110k C2 39 pF 
C1 4.0-30 pF, ERIE Variable Ceramic, Set for * 22 pF 
C2 4.0-30 pF, ERIE Variable Ceramic, Set for ~ 10 pF 
L1 4 Turns, #14 AWG Cooper, 1/4'' 1.D., 1/6’’ Pitch 
L2 3 Turns, #14 AWG Cooper, 1/4’ 1.D., 1/8’ Pitch 
RFC DELEVAN No. 153712, 1.0 KH 
FIGURE 2 — 200-MHz-to-45-MHz TEST CIRCUIT SCHEMATIC 
pvemadies FOR 3N202 
Local Oscillator 
Input(1) 
2.2 pF 
From 50-2 
Source 
45-MHz 
IF Output 
200-MHz 
RF Input 16 Turns 
From 75-2 
Source 


C1 1.5-7.0 pF, ERIE Variable Ceramic, Set for ~ 4.7 pF 
1 4 Turns, #14 AWG Copper, 1/4” 1.D., 1/6’ Pitch 


(1) Amplitude at Input from Local Oscillator ~ 3 V RMS 
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3N201, 3N202, 3N203 


FIGURE 3 — 45-MHz TEST CIRCUIT SCHEMATIC | 


3N203 
*TUT ae 
: 's p 
9.1 k 0.001 uF » D : 5 \ To 50-2 
V6G 0° O—~0 Load 
ee eh ee 3 
2 3.0 k 
: L2 
5.6 pF : J 
e 
From 50-2 (o> : 0.001 uF 
Source : A of 

es 
. C) 
" 0.001 uF 
[| e@ 
e 

d = 120 

1 . 
a 
a 
a 
Ss 
® 
o 
s 
e 
i 
a 

= 0+18V 


1 14 Turns, #30 AWG Copper, Close-Wound 7/32’’ OD form with 
ARNOLD ENGINEERING “J’’ Tuning Core 

L2 10 Turns, #30 AWG Copper, Close-Wound 7/32’' OD form with 
ARNOLD ENGINEERING “J’’ Tuning Core 


TYPICAL CHARACTERISTICS 


FIGURE 4 — DRAIN CURRENT versus 
DRAIN to SOURCE VOLTAGE 


FIGURE 5 — DRAIN CURRENT versus GATE-ONE to 
SOURCE VOLTAGE 
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FIGURE 6 — SMALL-SIGNAL COMMON-SOURCE GATE-ONE 
FORWARD TRANSFER ADMITTANCE versus 
DRAIN CURRENT 
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VG1s, GATE-ONE-TO-SOURCE VOLTAGE (VOLTS) 


FIGURE 7 — SMALL-SIGNAL COMMON-SOURCE GATE-ONE 
FORWARD TRANSFER ADMITTANCE versus 
GATE-ONE to SOURCE VOLTAGE 
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FIGURE 8 — SMALL-SIGNAL COMMON-SOURCE GATE-ONE FIGURE 9 — SMALL-SIGNAL COMMON-SOURCE GATE-ONE 
FORWARD TRANSFER ADMITTANCE versus INPUT AND OUTPUT CAPACITANCE versus 
GATE-TWO to SOURCE VOLTAGE GATE-TWO-to-SOURCE VOLTAGE 
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TYPICAL CHARACTERISTICS 


FIGURE 11 — COMMON-SOURCE POWER GAIN AND 
FIGURE 10 — COMMON-SOURCE POWER GAIN AND SPOT NOISE FIGURE versus GAIN CONTROL 


SPOT NOISE FIGURE versus DRAIN CURRENT GATE-SUPPLY VOLTAGE — 3N201 
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FIGURE 14 — SMALL-SIGNAL COMMON SOURCE 
INSERTION POWER GAIN versus GAIN CONTROL 
GATE-SUPPLY VOLTAGE — 3N203 
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3N204 
3N205 


MAXIMUM RATINGS CASE 20-03, STYLE 9 
TO-72 (TO-206AF) 


Rating 
Drain-Source Voltage 
Drain-Gate Voltage 


Drain Current 


Reverse Gate Current 


Forward Gate Current 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Lead Temperature 


DUAL GATE 
MOS-FET 


Operating and Storage Junction N-CHANNEL — DEPLETION 


Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage V(BR)DSX Vdc 
(Ip = 10 wA, VG1 = VG2 = —5.0 V) 

Gate 1-Source Breakdown Voltage V(BR)G1SO +6 +30 Vdc 
(lg1 = +10 mA) Note 1 

Gate 2-Source Breakdown Voltage V(BR)G2SO +6 +30 Vde 
(Ig2 = +10 mA) Note 1 

Gate 1 Leakage Current +10 nA 
(VGis = +5.0 V, VG2s = Vps = 0) 

Gate 2 Leakage Current +10 nA 
(VG2s = +5.0 V, VG1is = Vos = 0) 

Gate 1 to Source Cutoff Voltage _ VG1S\(off) Vde 
(Vps = 15 V, Vegas = 4.0 V, Ip = 20 pA) 

Gate 2 to Source Cutoff Voltage VG2S\(off) Vde 
(Vps = 15 V, Vgisg = 0V, Ip = 20 pA) 


ON CHARACTERISTICS 
Zero-Gate-Voltage Drain Current* 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = 15 V, Vgas = 4.0 V, VGis = OV, f = 1.0 kHz) Note 2 


Input Capacitance 
(Vps = 15 V, Ve2s = 4.0 V, Ip = Ipss, f = 1.0 Mhz) 


Reverse Transfer Capacitance 
(Vps = 15 V, VGasg = 4.0 V, Ip = 10 mA, f = 1.0 MHz) 


Output Capacitance 
(Vps = 15 V, VGas = 4.0 V, Ip = Ipss, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vpp = 18 V, VGg = 7.0 V, f = 200 MHz) 
(Vps = 15 V, VG2sg = 4.0 V, Ip = 10 mA, f = 450 MHz) 


Common Source Power Gain 


(Vpp = 18 V, Vag = 7.0 V, f = 200 MHz) 
(Vps = 15 V, VG2g = 4.0 V, Ip = 10 mA, f = 450 MHz) 
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ELECTRICAL CHARACTERISTICS compued) (Ta = 25°C unless otherwise noted.) 


Symbol | Min | Max | Unit 


Bandwidth 
(Vpp = 18 V, Vgg = 7.0 V, f = 200 MHz) 3N3204 7.0 12 
(Vpp = 18 V, fLo = 245 MHz, fpf = 200 MHz) (Note 4) 3N205 4.0 7.0 
Gain Control Gate-Supply Voltage (Note 3) VGG(GC) 
(Vpp = 18V, AGPS = 300 dB, f = 200 MHz) 3N204 
Conversion Gain (Note 4) G(conv.) 17 28 
(Vpp = 18 V, flo = 245 MHz, fpr = 200 MHz) 3N205 


*PW = 30 usec, Duty Cycle < 2.0%. 

(1) All gate breakdown voltages are measured while the device is conducting rated gate current. This insures that the gate voltage limiting 
network is functioning propertly. 

(2) This parameter must be measured with bias voltages applied for less than five (5) seconds to avoid overheating. 

(3) AGps is defined as the change in Gog from the value at Vg = 7.0 V. 

(4) Amplitude at input from local oscillator is 3 volts RMS. 
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MAXIMUM RATINGS 


3N209 
MPF209 


3N209 


CASE 20-03, STYLE 9 
TO-72 (TO-206AF) 


a 


Gate Current 


MPF209 
CASE 317-01, STYLE 1 


eC 


DUAL-GATE 
MOSFET 
UHF COMMUNICATIONS 


N-CHANNEL — DEPLETION 


Total Device Dissipation 
@ Tp = 25°C 
Derate above 25°C 
Total Device Dissipation 
@ Tc = 25°C 
Derate above 25°C 


Lead Temperature, 1/16” From Seated 
Surface for 10 seconds 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Drain-Source Breakdown Voltage 


V(BR)DSX Vde 
(Ip = 10 wAdc, VGis = —4.0 Vdc, Vgag = 4.0 Vdc) 
Gate 1 — Source Forward Breakdown Voltage V(BR)G1SSF 7.0 Vdc 
(lg1 = 10 mAdc, VG25 = Vps = 0) 
Gate 1 — Source Reverse Breakdown Voltage V(BR)G1SSR| —7.0 Vdc 
(Ig1 = —10 mAdc, VgG2s = Vps = 0) . 
Gate 2 — Source Forward Breakdown Voltage V(BR)G2SSF 7.0 Vdc 
(Ig2 = 10 mAdc, VG1s = Vps = 0) 
Gate 2 — Source Reverse Breakdown Voltage V(BR)G2SSR| —7.0 Vdc 
(Ig2 = —10 mAdc, VGis = Vps = 0) 
Gate 1 — Terminal Forward Current IG1SSF nAdc 
(VG1S = 6.0 Vde, VG2s = Vps = 0) 
Gate 1 — Terminal Reverse Current 
(VG1s = —6.0 Vde, Ve2s = Vps = 0) nAdc 
(VGis = —6.0 Vdc, Vg2g = Vos = 9, TA = 150°C) pAdc 
Gate 2 — Terminal Forward Current IG2SSF nAdc 
(VG2s = 6.0 Vdc, VG1s = Vps = 0) 
Gate 2 — Terminal Reverse Current 
nAdc 
pAdc 


OFF CHARACTERISTICS 


(VG2s = —6.0 Vdc, VGis = Vps = 0) 
(VG2s = —6.0 Vdc, Vg1s = Vps = 0, Ta = 150°C) 


ON CHARACTERISTICS 
Gate 1 — Zero Voltage Drain Current 


(Vps = 15 Vdc, VGis = 0, VG2sg = 4.0 Vde) 
SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance ; 
(Vps = 15 Vde, Vegas = 4.0 Vde, Ip = 10 mAdc, f = 1.0 kHz) 


Input Capacitance Ciss 7.0 
(Vps = 15 Vdc, Vegas = 4.0 Vde, Ip = 5.0 mAdc, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss 
(Vps = 15 Vdc, VG2sg = 4.0 Vde, Ip = 5.0 mAdc, f = 1.0 MHz) 

Output Capacitance Coss 
(Vps = 15 Vde, Vg2g = 4.0 Vdc, Ip = 5.0 mAdc, f = 1.0 MHz) 
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3N209, MPF209 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


[Characteristic «| Symbot |Min | typ | Max [unt | 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 


(Vps = 15 Vde, VG2sg = 4.0 Vdc, Ip = 10 mAdc, f 


Common Source Power Gain (Figure 12 
(Vps = 15 Vde, VG2sg = 4.0 Vde, Ip = 10 mAdc, f 


*Bandwidth 


(Vps = 15 Vde, VG2sg = 4.0 Vdc, Ip 


10 mAdc, f 


500 MHz) 


500 MHz) 


500 MHz) 


FIGURE 1 — MOS FET CIRCUIT SCHEMATIC 


G2 


G1 


TYPICAL SCATTERING PARAMETERS 


FIGURE 2 — $41, INPUT REFLECTION COEFFICIENT 
versus FREQUENCY 
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FIGURE 3 — S72, REVERSE TRANSMISSION COEFFICIENT 


versus FREQUENCY 
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FIGURE 4 — S21, FORWARD TRANSMISSION 
COEFFICIENT versus FREQUENCY 
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FIGURE 5 — S99, OUTPUT REFLECTION 
COEFFICIENT versus FREQUENCY 
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TYPICAL COMMON-SOURCE ADMITTANCE PARAMETERS 
(Vps = 15 Vde, Vgg2 = 4.0 Vde, Ip = 10 mAdc) 


FIGURE 6 — Y411, INPUT ADMITTANCE 
versus FREQUENCY 
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FIGURE 7 — Y7i2, REVERSE TRANSFER ADMITTANCE 
versus FREQUENCY 
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FIGURE 8 — Y21, FORWARD TRANSFER ADMITTANCE FIGURE 9 — Y29, OUTPUT ADMITTANCE 
versus FREQUENCY versus FREQUENCY 


Gos, OUTPUT CONDUCTANCE (mmhos) 


Sfs, FORWARD TRANSFER CONDUCTANCE (mmhos) 
ints. FORWARD TRANSFER SUSCEPTANCE (mmhos) 
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FIGURE 10 — POWER GAIN AND NOISE FIGURE versus SOURCE RESISTANCE 
(See Schematic Figure 12) 


10 Vop = 15 Vde 
Ip = 10 mAdc 

VG2=6 Vde 
f = 500 MHz 


NF, NOISE FIGURE (dB) 
Gp, POWER GAIN (dB) 


4 
30 50 70 100 300 500 700 1000 3000 
Rs, SOURCE RESISTANCE (OHMS) 


The Test Circuit shown in Figure 12 was used to generate Power Gain 
and Noise Figure as a function of Source Resistance curves. 


FIGURE 11 — THIRD ORDER INTERMODULATION DISTORTION 
(See Schematic Figure 12) 


Vos = 15 Vde 
f1 = 499 MHz 
f2 = 500 MHz 


Fundamental 


Output 


OUTPUT POWER PER TONE (dBM) 


120 -100 ~80 ~60 ~40 -20 0 
INPUT POWER PER TONE (dBM) 


Figure 11 shows the typical third order intermodulation distortion 
(IMD) performance of the 3N209 and 3N210 at 500 MHz. 
Both fundamental output and third order IMD output characteristics 
-are plotted. The curves have been extrapolated to show the third order 
intermodulation output intercept point. 
The performance is typical for Ip between 5.0 mAdc and 10 mAdc. 
The test circuit shown in Figure 12 was used to generate the IMD Data. 
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FIGURE 12 — TEST CIRCUIT FOR POWER GAIN, NOISE FIGURE 
AND THIRD ORDER INTERMODULATION DISTORTION 


C1 = 1.0-20 pF, JOHANSON Aijr Variable Cap. (14.5 pF Nominal) 

C2 = 1.0-10 pF, JOHANSON Air Variable Cap (5.4 pF Nominal) 

C3, C11 = 470 pF, Low Inductance Feedthru Cap. 

C4, C8, C9, C10 = 250 pF, Low Inductance, UNDERWOOD Cap. (J-101) 
CS = 0.4-6.0 pF, JOHANSON Air Variable Cap. (0.92 pF Nominal) 

C6 = 1.0-10 pF, JOHANSON Air Variable Cap. (5.9 pF Nominal) 

C7 = 1.0-10 pF, JOHANSON Air Variable Cap (3.0 pF Nominal) 

L1 = 2.52 x 0.1 inches \ 


® 
On 2 sided glass Teflon, 1 oz. copper clad, 1/16” 
ER = 2.55 


L2 = 0.4 x 0.1 inches 
L3 = 1.23 x 0.2 inches 


® Trademark of E.1. Dupont, DeNemours and Co., Inc. 
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3N211 
3N212 
3N213 


CASE 20-03, STYLE 9 
TO-72 (TO-206AF) 


DUAL-GATE 
MOSFET 
VHF AMPLIFIER 


N-CHANNEL — DEPLETION 


Refer to MPF211 for graphs. 


MAXIMUM RATINGS 


aang | ma | Se | nara 


[Drain-Source Voltage | | 27 | 85 | Vo 
| made _| 


35 
Drain-Gate Voltage VDG1 35 40 
VpDG2 35 40 


Drain Current 
Gate Current 


Total Device Dissipation @ Ta = 25°C 


Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 


Derate above 25°C 


Lead Temperature, 1/16” From Seated 


Surface for 10 seconds 


Junction Temperature Range —65 to +175 
Storage Temperature Range -—65 to +175 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Characteristic 
OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
(Ip = 10 wAdc, VGig = VG2sg = —4.0 Vdc) 


Instantaneous Drain-Source Breakdown Voltage)(1) 
(Ip = 10 wAdc, VGis = VG2s = —4.0 Vdc) 


Gate 1-Source Breakdown Voltage(2) 
(Ig1 = +10 mAdc, VG2s = Vps = 0) 


Gate 2-Source Breakdown Voltage(2) 

(Ig2 = +10 mAdc, VGis = Vps = 0) 
Gate 1 Leakage Current 

(VG1s = +5.0 Vde, VG2s = Vps = 0) 

(VG1s = —5.0 Vde, VG2s = Vos 
Gate 2 Leakage Current 

(VG2s = +5.0 Vdc, VGis = Vps = 0) 

(VG2s = —5.0 Vde, VG1s = Vps = 0, Ta = 150°C) 
Gate 1 to Source Cutoff Voltage 


(Vps = 15 Vde, VG2sg = 4.0 Vdc, Ip = 20 wAdc) 


Gate 2 to Source Cutoff Voltage 
(Vps = 15 Vde, Vgis = 0, Ip = 20 wAdc) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(3) 
(Vps = 15 Vde, V61s = 0, VG2sg = 4.0 Vde) 


SMALL-SIGNAL CHARACTERISTICS 
Forward Transfer Admittance(4) 


(Vps = 15 Vdc, Vggg = 4.0 Vde, Vgisg = 0, f = 1.0 kHz) 


Reverse Transfer Capacitance 
(Vps = 15 Vde, Vg2sg = 4.0 Vdc, Ip =10 mAdc, f = 


3N211,212 
3N213 


3N211,212 
3N213 


0, Ta = 150°C) 


3N211,213 
3N212 


3N211 
3N212,213 


3N211,212 


1.0 MHz) 


d 
Vd 
| tp | 50 | made 
IG1 +10 mAdc 
IG2 +10 
360 — mW 
2.4 mW/°C 
1.2 Watt 
8.0 mWw/C 


Cc 
Cc 


[Symbot [ Min | Max [Une 


_ Pa i|-[*) 


V(BR)DSX Vdc 
27 
35 


IGiss 
+10 
—10 
= = 


nAdc 
pAdc 


+10 
—10 


nAdc 
pAdc 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vpp = 18 Vdc, VGq = 7.0 Vdc, f = 200 MHz) 


(Vpp = 24 Vdc, Vgg = 6.0 Vdc, f = 45 MHz) 
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SMALL-SIGNAL DEVICES 


3N211, 3N212, 3N213 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Common Source Power Gain 
(Vpp = 18 Vdc, VGg = 7.0 Vde, f = 200 MHz) 
(Vpp = 24 Vde, VGg = 6.0 Vdc, f = 45 MHz) 
(Vpp = 24 Vdc, Vgg = 6.0 Vde, f = 45 MHz) 
(Vpp = 18 Vdc, fig = 245 MHz, frF = 200 MHz) 


Bandwidth . 
(Vpp = 18 Vdc, VGg = 7.0 Vdc, f = 200 MHz) 3N211 
(Vpp = 18 Vdc, fLo = 245 MHz, far = 200 MHz) 3N212 
(Vpp = 24 Vdc, Vag = 6.0 Vde, f = 45 MHz) 3N211,213 


Gain Control Gate-Supply Voltage(5) 
(VDD = 18 Vdc, AGpg = —30 dB, f = 200 MHz) 3N211 
(Vpp = 24 Vdc, AGpg = —30 GB, f = 45 MHz) 2N211,213 


(1) Measured after five seconds of applied voltage. 


(2) All gate breakdown voltages are measured while the device is conducting rated gate current. This ensures that the gate-voltage limiting 
network is functioning properly. 

(3) Pulse Test: Pulse Width = 300 us, Duty Cycle < 2.0%. 

(4) This parameter must be measured with bias voltages applied for tess than 5 seconds to avoid overheating. The signa! is applied to gate 
1 with gate 2 at ac ground. 

(5) AGpg is defined as the change in Gyg from the value at Vg = 7.0 Volts (3N211) and VGG = 6.0 Volts (3N213). 

(6) Power Gain Conversion. Amplitude at input from local oscillator is adjusted for maximum Ge. 
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BS107,A 


CASE 29-02, STYLE 30 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Symbol 
Drain-Source Voltage | vps | 200 || Vd 
dc 


Vps 
Gate-Source Voltage 
Drain Current 
Continuous(1) mAdc 
Pulsed(2) 
Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
Operating and Storage Junction TJ, Tstg — 55 to 150 °C 
Temperature Range 
(1) The Power Dissipation of the package may result in a lower continuous drain 


current. 
(2) Pulse Width = 300 us, Duty Cycle < 2.0%. 


TMOS 
SWITCHING 


N-CHANNEL — ENHANCEMENT 


Refer to MFE9200 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Zero-Gate-Voltage Drain Current nAdc 
(Vps = 130 V, Ves = 0) 
Drain-Source Breakdown Voltage V(BR)DSX Vdc 
(Ves = 0, Ip = 100 pA) 
Gate Reverse Current nAdc 
(VGs = 15 Vdc, Vps = 0) 
ON CHARACTERISTICS* 


Gate Threshold Voltage VGS(Th) Vdc 
(Ip = 1.0 mA, Vps = Ves) 


Static Drain-Source On Resistance Ohms 
BS107 
(VGS = 2.6 V, Ip = 
(VGs = 10 V, Ip = 200 mA) 
BS107A 
(VGs = 10 Vdc) 
(Ip = 100 mA) : . 
(Ip = 250 mA) : ; 


SMALL-SIGNAL CHARACTERISTICS 


Input Capacitance 
(Vps = 25 V, Ves = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 25 V, Ves = 0, f = 1.0 MHz) 


OFF CHARACTERISTICS 


nN 
° 
| 

Ra 


Output Capacitance 
(Vps = 25 V, Ves = 0, f = 1.0 MHz) 


Forward Transconductance 
(Vps = 25 V, Ip = 250 mA) 


SWITCHING CHARACTERISTICS 


PUM TUN a et ee OO Ae he | 
pTum-offTime toe = tts 


*Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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BS170 


CASE 29-02, STYLE 30 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Symbol 

[BrainSourceVottege ——SSSS«dSM as 

[Gate-Source Votge ——=~S~*dCgg Yeo 
eran) 
ome! 


TMOS FET 
SWITCHING 


N-CHANNEL — ENHANCEMENT 


Drain Current(1) 
Total Device Dissipation @ Tc = 25°C wat 
Operating and Storage Junction Ty, Tstg | —55 to +150 

Temperature Range 


(1) The Power Dissipation of the package may result in a lower continuous drain 
current. 


Refer to 2N6659 for graphs. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


| Characteristic | Symbot | Min | Typ | Max | Unit _| 


OFF CHARACTERISTICS 

Gate Reverse Current 10 nAdc 
(V6s = 15 V, Vps = 0) 

Drain-Source Breakdown Voltage V(BR)DSS Vde 
(VGs = 0, Ip = 100 nA) 


ON CHARACTERISTICS(2) 


Gate Threshold Voltage VGS(Th) Vde 
(Vps = VG6s. |p = 1.0 mA) 


Static Drain-Source On Resistance 
(Vgs = 10 V, lp = 200 mA) 


Drain Cutoff Current 
(Vps = 25 V, Ves = 0 V) 


Forward Transconductance 
(Vps = 10 V, ID = 250 mA) 


SMALL-SIGNAL CHARACTERISTICS 


Input Capacitance Ciss 
(Vps = 10 V, Vgs = 0, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(ID = 0.2 A) See Figure 1 


Turn-Off Time 
(ID = 0.2 A) See Figure 1 


(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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BS170 


RESISTIVE SWITCHING 


FIGURE 1 — SWITCHING TEST CIRCUIT FIGURE 2 — SWITCHING WAVEFORMS 


+ 25V 


To Sampling Scope 
50 2 Input 
Pulse Generator 


40 pF Vout 
[p= = St 
| - — 
1.0 MQ 

t+-—~—-4 Output jy. 

Inverted out 

(Vin Amplitude 10 Volts) 10% 
Input Vin 


FIGURE 3 — Vgsi(th) NORMALIZED versus TEMPERATURE 
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J107, 3108 
J109, J110 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 
cr ee 
an 


JFET 
GENERAL-PURPOSE 
TRANSISTOR 


N-CHANNEL — DEPLETION 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Junction Temperature Range 


Storage Channel Temperature Range 


Tstq | —65 to +150 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characters «SCSymbor | Min | Tye | Moe | Unie 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage V(BR)GSS —25 Vde 
(Vps = 0,IG = —10 Adc) 
“Weg = 15 a p= [-[-3/™ 
Vdc 


(VGs = —15 Vde, Vos 
VGS\(off) 


0) 
0, Ta = 100°C) 


(VGs = —15 Vde, Vps 


Gate Source Cutoff Voltage 
(Vps = 15 Vdc, Ip = 10 nAdc) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(1) 
(Vps = 15, VGs = 0) 


Drain-Source On-Resistance 
(Vps < 0.1 V, Vgsg = 0 V) 


SMALL-SIGNAL CHARACTERISTICS 


Drain Gate + Source Gate On-Capacitance 
(Vps = 0 Vdc, Vgs = 0, f = 1.0 MHz) 


(on) + 4 
Drain Gate Off-Capacitance Cag (off) 

(Vps = 0 Vdc, Vgsg = —10 V, f = 1.0 MHz) 
Source Gate Off-Capacitance Csg(off) 

(Vps = 0 Vdc, Vgs = —10 V, f = 1.0 MHz) 


(1) Pulse Duration 300 us, Duty Cycle < 2.0%. 
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J107, J108, J109, J110 


FIGURE 1 — COMMON SOURCE INPUT FIGURE 2 — COMMON SOURCE REVERSE FEEDBACK 
CAPACITANCE versus GATE-SOURCE VOLTAGE CAPACITANCE versus GATE-SOURCE VOLTAGE 
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FIGURE 7 — OUTPUT CHARACTERISTIC 
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j111 
j112 
j113° 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


a. a 
[Brain Gaw vonage ——=S*~*~rSCiw =m 
[ene curen ———SS~iSCg SY 


Total Device Dissipation @ Ta = 25°C 625 mW 
Derate above 25°C 5.68 mW/°C 
Lead Temperature oe ae ae ie ee 


Operating and Storage Junction Tj, Tstg | —55 to +150 °C 
Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot_ | Min | Max | Unit _| 
OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage V(BR)GSS Vdc 
(lg = —1.0 wA) 

Gate Reverse Current IGss nA 
(VGs = —15V) 


JFET 
CHOPPER 


N-CHANNEL — DEPLETION 


Gate Source Cutoff Voltage VGS(off) V 
(Vos = 5.0 V, ID = 1.0 uA) 


Drain-Cutoff Current 
(Vps = 5.0 V, Ves = —10 V) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current* 
(Vps = 15 V) 


Static Drain-Source On Resistance 
(Vps = 0.1 V) 


'DS(on) Ohms 
50 
100 


am ig | 
+ 
| Csg(on) 
Drain Gate Off-Capacitance Cdg(off) pF 
(VGs = —10V, f = 1.0 MHz) 
Source Gate Off-Capacitance Csg(off) pF 
— (Vgs = —10V, f = 1.0 MHz) 


*Pulse Width = 300 usec, Duty Cycle = 3.0%. 


Drain Gate and Source Gate On-Capacitance 
(Vps = Ves = 0, f = 1.0 MHz) 
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5174 
J175 
J176 
J177 


CASE 29-02, STYLE 30 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


| Rating | Symbol | Value | Unit 
| Drain-Source Voltage =| SVs | 0 
|Drain-GateVoltage | | OC 
|Gate-Source Voltage = | Vas | 80 Ve 
er 
| nwre_ 
mWw/°C 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Storage Temperature Range —65 to +150 


: JFET 
CHOPPER TRANSISTOR 


P-CHANNEL — DEPLETION 


Refer to MPF970 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


[ eharactorisic | SSymbol (| Min | Max | unk 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage V(BR)GSS Vdc 
(ig = 1.0 wA) 

Gate Reverse Current nA 
(VGs = 20 Volts) 

Gate Source Cutoff Voltage VGSloff) 
(Vps = —15V, Ip = —10 nA) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vps = —15 V) 


Static Drain-Source On Resistance 
(Vps < —0.1 Volt) 


*Pulse Width = 300 us, Duty Cycle < 3.0%. 
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1201 
J202 
J203 


CASE 29-02, STYLE 5 
—TO-92 (TO-226AA) 


MAXIMUM ila 


[Rating ———S*d:CSymbot_[ venue [unm 
Cl es ee 
[|Drain-GateVoltage | MG | |e 
| GateSource Voltage | Vas | 40 | 
-Gate Current _| ig {so {mA 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C We 


Storage Temperature Range -—65 to +150 Le 


JFET 
LOW FREQUENCY/LOW NOISE 


N-CHANNEL — DEPLETION 


Refer to 2N4220 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


| Characteristic | Symbol | Min | Max | Unit _ | 
OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage V(BR)GSS Vde 
(ig = —1.0 pA) 

Gate Reverse Current 
(Vgs = —20V) | 


Gate Source Cutoff Voltage VGS(off) 
" (Vpg = 20V, Ip = 10 nA) | 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vps = 20 V) 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = 20 V, f = 1.0 kHz) 


*Pulse Width < 2.0 msec. 
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J270 
j271 


CASE 29-02, STYLE 30 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


JFET 
CHOPPER TRANSISTOR 


P-CHANNEL — DEPLETION 


Gate Current 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C . 


Storage Temperature Range —65 to +150 


Refer to MPF970 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


[SSC hanced | in| Mex Un 6 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage V(BR)GSS 30 Vde 
(Ig = 1.0 wA) 
Gate Reverse Current IiGss 200 pA 
(VGs = 20 Volts) 
Gate Source Cutoff Voltage _ VGS(off) Vdc 
(Vps = —15V, Ip = —1.0 nA) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vps = —15 V) 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = —15V,f = 1.0 kHz) 


Output Admittance 
(Vps = —15 V, f = 1.0 kHz) J270 


Input Capacitance : 
(Vps = —15V, f = 1.0 MHz) 
~ | Reverse Transfer Capacitance Crss pF 
(Vps = —15 V, f = 1.0 MHz) 


*Pulse Width < 2.0 ms. 


SMALL-SIGNAL DEVICES | MOTOROLA SEMICONDUCTORS 


6-107 


2 
1 
| 
‘ 
4 
4 
| 
a 
4 
4 
4 
3 
a 
4 
oy 


1300 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 
Rating © 


Gate Current 


Total Device Dissipation @ Ta = 25°C = 


JFET 
HIGH FREQUENCY AMPLIFIER 


N-CHANNEL — DEPLETION 


Derate above 25°C 


Lead Temperature 
(1/16” from Case for 10 Seconds) 


Junction Temperature Range <— —55 to +150 
Storage Temperature Range —55 to + 150 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit _| 


Gate-Source Breakdown Voltage V(BR)GSS Vde 
(Ig = —1.0 pA, Vps = 0) 

Gate Reverse Current pA 
(V6s = —15V, Vps = 0) 

Gate Source Cutoff Voltage . VGS(off) Vdc 
(Vps = 10 V, Ip = 1.0 mA) 

ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vps = 10 V, Veg = 0) 


Gate-Source Forward Voltage 
(Vps = 0, IG = 1.0 mA) 


OFF CHARACTERISTICS 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance lYts| 9000 pmhos 
(Vps = 10 V, Ip = 5.0 mA, f = 1.0 kHz) 

Output Admittance lYos| pmhos 
(Vps = 10 V, Ip = 5.0 mA, f = 1.0 kHz) 

Input Capacitance Ciss pF 
(Vps = 10 V, Ip = 5.0 mA, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss 1.7 
(Vpsg = 10 V, Ip = 5.0 mA, f = 1.0 MHz) | 
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3304 
3305 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


JFET 
HIGH FREQUENCY 
AMPLIFIER 


N-CHANNEL — DEPLETION 


Lead Temperature 
(1/16” from Case for 10 Seconds) 


Operating and Storage Junction 
Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 
OFF-CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Ig = 1.0 pA, Vpsg = 0) 

Gate Reverse Current 
(VGs = —20V, Vps = 0) 


Gate Source Cutoff Voltage 
(Vps = 15 V, Ip = 1.0 nA) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vps = 15 V, Vgsg = 0). 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transconductance 
(Vps = 15 V, Vgs = 0, f = 1.0 kHz) 
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J308 
J309 
J310 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Rating 


Forward Gate Current 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C mW/°C 


Junction Temperature Range —55 to +125 
Storage Temperature Range ~55 to +150 
Refer to U308 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | typ | Max | Unit | 
Gate-Source Breakdown Voltage i ee oe ee Ee 
(ig = —1.0 pA, Vps = 0) 
ar Waser 
nA 
pA 
Vdc 


eae S 


_ JFET 
VHF/UHF AMPLIFIER 


N-CHANNEL — DEPLETION 


OFF CHARACTERISTICS 


Ta = 25°C) 
Ta = +125°C) 


DS 


Gate Source Cutoff Voltag 
(Vps = 10 V, Ip = 1.0 nA) 


0, 
0, 
e 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(1) 
(Vps = 10 V, Vgs = 0) 


Gate-Source Forward Voltage 
(Vps = 0, IG = 1.0 mA) 


SMALL-SIGNAL CHARACTERISTICS 


- Common-Source Input Conductance 
(Vps = 10 V, Ip = 10 mA, f = 100 MHz) 


Common-Source Output Conductance 
(Vps = 10 V, Ip = 10 mA, f = 100 MHz) 


Common-Gate Power Gain | 
(Vpg = 10 V, Ip = 10 mA, f = 100 MHz) 

Common-Source Forward Transconductance Re(yfs) 
(Vpg = 10 V, Ip. = 10 mA, f = 100 MHz) 


Common-Gate Input Conductance 
(Vps = 10 V, Ip = 10 mA, f = 100 MHz) 


Common-Gate Forward Transconductance 
(Vps = 10 V, Ip = 10 mA, f = 1.0 kHz) 


Common-Gate Output Conductance 
(Vps = 10 V, Ip = 10 mA, f = 1.0 kHz) 
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J308, J309, J310 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 
Characteristic 


Common-Gate Forward Transconductance 
(Vps = 10 V, lp = 10 mA, f = 1.0 kHz) 


Common-Gate Output Conductance 
(Vps = 10 V, Ip = 10 mA, f = 1.0 kHz) 


Gate-Drain Capacitance 
(Vps = 0, VGg = —10V, f = 1.0 MHz) 


Gate-Source Capacitance 
(Vps = 0, Vgsg = —10 V, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vps = 10 V, Ip = 10 mA, f = 450 MHz) 
Equivalent Short-Circuit Input Noise Voltage nV/V Hz 
(Vps = 10 V, Ip = 10 mA, f = 100 Hz) : 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 3.0%. | 
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JF1033B 
JF1033S_— 
JF1033Y 


CASE 29-02, STYLE 5 
" TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Pprsincurent Sd 


Forward Gate Current 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


JFET 7 
HIGH FREQUENCY AMPLIFIER 


N-CHANNEL DEPLETION 


ELECTRICAL CHARACTERISTICS (Tj = 25°C unless otherwise noted.) 


Characteristic [Symbot_ [Min [Max | Unit 


Gate-Source Breakdown Voltage V(BR)GSS —25 Vde 
(ig = —10 pA) 

Drain-Source Breakdown Voltage V(BR)DGO Vdc 
(Ip = 10 A) 

Gate Reverse Current nA 
(Vgs = —10V, Vps = 0) 

Gate Source Cutoff Voltage VGS(off) — 1.0 Vdc 
(Vps = 10 V, Ip = 10 pA) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vps = 10 V, V6s = 0) JF1033Y 


OFF CHARACTERISTICS 


JF1033B 
JF1033S 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transconductance Re(yfs) mmhos 
(Vps = 10 V, Vgsg = 0, f = 1.0 kHz) 


FUNCTIONAL CHARACTERISTICS 


Noise Figure NF 
(Vps = 10 V, Ves = 0, f = 100 MHz) . 
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MFE120 
MFE121 
MFE122 


CASE 20-03, STYLE 9 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 


DUAL-GATE MOSFET 
VHF AMPLIFIER 


N-CHANNEL — DEPLETION 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C Lid mWw/°C 


Operating and Storage Junction TJ, Tstg | —65 to +175 °C 
Temperature Range 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Symbol 


OFF CHARACTERISTICS 
Drain-Source Breakdown Voitage V(BR)DSX Vdc 
(Ip = 100 wAdc, Vg = 0, VGis = —4.0V, Vegas = + 4.0 V) 
Gate 1-Source Breakdown Voltage V(BR)G1SO +7.0 +20 Vdc 
(Ig1 = +10 wAdc, Vgas = 0) 
Gate 2-Source Breakdown Voltage V(BR)G2SO +7.0 +20 Vde 
(Ig2 = +10 wAdc, Veg2s = 0) 
Gate 1 Leakage Current IGiss nAdc 
(VG1is = +6.0 Vdc, V625 = 0, Vps = 0) 
Gate 2 Leakage Current IG2Sss nAdc 
(VG2s = +6.0 Vdc, Vgis = 0, Vps = 0) 
Gate 1 to Source Cutoff Voltage VG1S(off) —4.0 Vde 
(Vps = 15 Vdc, Vegas = 4.0 Vdc, Ip = 200 wAdc) 
Gate 2 to Source Cutoff Voltage VG2S(off) Vde 
(Vps = 15 Vde, Vg1sg = 0, Ip = 200 wAdc) 


ON CHARACTERISTICS 


Zero-Gate-Voitage Drain Current 
(Vps = 15 Vde, VGis = 0, VG2g = 4.0 Vdc) MFE120 


MFE121 
MFE122 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance (Gate 1 to Drain) lY¢s| pmhos 
(Vps = 15 Vde, VG2sg = 4.0 Vdc, MFE120,22 8000 | 18,000 
Ip = 10 mAdc, f = 1.0 kHz) MFE121 10,000 — 20,000 

Input Capacitance Ciss 
(Vps = 15 Vdc, Vgas = 4.0 Vdc, MFE120,22 7.0 
Ip = Ipss. f = 1.0 MHz) MFE121 6.0 

Reverse Transfer Capacitance Crss 
(Vps = 15 Vde, VG2s = 4.0 Vdc, 
ID = 6.0 mAdc, f = 1.0 MHz) 

Output Capacitance Coss 
(Vps = 15 Vdc, Ve2sg = 4.0 Vdc, MFE120,22 
Ip = Ipss. f = 1.0 MHz) MFE121 
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MFE120, MFE121, MFE122 


ELECTRICAL CHARACTERISTICS me) (Ta = 25°C unless otherwise noted.) 


po haracteristic | Symbot_ | Min | typ | Max | Unit 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vps = 15 Vdc, VG2s5 = 4.0 Vdc, 
Ip = 6.0 mAdc, Zs is optimized for NF) 
(f = 105 MHz — Figure 1) MFE120 
(f = 60 MHz — Figure 3) MFE121 
(f = 200 MHz — Figure 3) MFE121 


Common Source Power Gain 
(Vps = 15 Vde, VGas = 4.0 Vde, 
Ip = 6.0 mAdc, Zs is optimized for NF) 
(f = 105 MHz — Figure 1) MFE120 
(f = 60 MHz — Figure 3) MFE121 


(f = 200 MHz — Figure 3) MFE121 


Level of Unwanted Signal for 1.0% Cross Modulation 
(Vps = 15 Vdc, VG2s = 4.0 Vdc, Ip = 6.0 mAdc) 


Common-Source Conversion Power Gain (Gate 1 Injection, Figure 2) 
(Vps = 15 Vde, VG2g = 4.0 Vdc, Local 
Oscillator Voltage = 925 mVrms) 
(Signal Frequency = 60 MHz, Local Oscillator 
Frequency = 104 MHz) MFE122 
(Signal Frequency = 200 MHz, Local Oscillator 
Frequency = 244 MHz) MFE122 


FIGURE 1 — 60, 105 AND 200 MHz POWER GAIN AND NOISE FIGURE TEST CIRCUIT 


+15V L1 L2 
105MHz | = 16 AWG 6 1/2 Turns, = 16 AWG 5 1/4 Turns, 
1” Long De 1" Long, 7/16” De 
150 k 0.1 as 18 uH 200 MHz | = 16 AWG, 3 1/2 Turns, = 16 AWG, 4 1/2 Turns, 
0.7” Long, 0.2 De 0.65” Long, 0.2” De 
) All Feedthrough Capacitors 1000 pf. 
All Variable Capacitors JOHANSON JMC2951, 3.0-15 pF 
OPTIONAL AGC o = 
L2 3.0-15 pF 
10 k D C4 
3. igi F (_\_7 50 OHM © 
ms > = Le OUTPUT 
50O0HM . 7) = G1) [*]§ C3 
INPUT ay, 3.0-15 pF 
C2 — = 
3.0-15 pF 270 0.1 pF 


FIGURE 2 — 60 AND 200 MHz CONVERSION GAIN TEST CIRCUIT 


LO 44 MHz 
104.244 
MHz 


1 Vrms 


RF 
80.200 
MHz 


“60 MHz | 10k{10 Turns = 22 Enameled 
on MILLER 4500 4 Core 
1.0 k| 3.1/2 Turns = 18.1/4" 


De. 1/2” Long 


15 Turns =25 Enameled 
on MILLER 4500 1 Core 
15 Turns = 26 Enameled 
on MILLER 4500 1 Core 


0.33 wH 
DELEVAN 
2 1/2 Turns 
= 15.3/8” De. 
1/2” Long 


4 Turns = 20 Enameled 
on Sure Core as L3 
4 Turns = 26 Enameled 
on Sure Core as L3 


200 MHz 


All Feedthrough Capacitors 1000 pf. 
All Variable Capacitors JOHANSON JMC2951, 3.0-15 pF 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


6-114 


FIGURE 3 — 60 AND 200 MHz CONVERSION POWER GAIN 


MFE120, MFE121, MFE122 
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FIGURE 7 — OUTPUT ADMITTANCE 
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FIGURE 5 — REVERSE TRANSFER ADMITTANCE 
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L2 3% T #18, Se” diameter tapped 2T from cold end 


L1 2% T #18, Ya" diameter center tapped 
C = pF unless otherwise specified 


COMMON-SOURCE ADMITTANCE PARAMETERS 
(Vos = 15 Vdc, Tepls =4.0 Vdc, ID = 6.0 mAdc) 


From 50 0 


Source 


FIGURE 4 — INPUT ADMITTANCE 
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FIGURE 6 — FORWARD TRANSFER ADMITTANCE 
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f, FREQUENCY (MHz) 


SMALL-SIGNAL DEVICES 


MFE120, MFE121, MFE122 


FIGURE 8 — GAIN REDUCTION FIGURE 9 — CONVERSION POWER GAIN 


Hi 


GAIN REDUCTION (dB) 

Gps, CONVERSION POWER GAIN (dB) 
ooo 
oo 
oT 
coy 
CCC 


0 
0.35 0.65 0.95 1.25 1.55 1.85 
LOCAL OSCILLATOR INJECTION LEVEL AT GATE 1 (Vrms) 
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MFE140 


CASE 20-03, STYLE 9 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 


Rating 


DUAL-GATE 
MOSFET 
FM AMPLIFIER 


N-CHANNEL — DEPLETION 


Gate Current 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Operating and Storage Channel "channel: —65 to +175 
Temperature Range Tstq 


ELECTRICAL CHARACTERISTICS (Ty = 25°C unless otherwise noted.) 


jp haracteristic | Symbot_ | min | typ [| Max | Unit 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 


V(BR)DSX 
(ID = 10 wAdc, Vs = 0, VG1 = —4.0 Vde, VG2 = +4.0 Vdc) 
Gate 1-Source Breakdown Voltage V(BR)G1SO 
(lg1 = +10 wAdc, Vegas = 0) 
Gate 2-Source Breakdown Voltage V(BR)G2SO 
(Ig2 = +10 wAdc, Ve2sg = 0) 
Gate 1 Leakage Current IG1ss nAdc 
(VGis = +6.0 Vdc, VG25 = 0, Vps = 0) 
Gate 2 Leakage Current IG2ss nAdc 
(VG2Ss = +6.0 Vdc, VGis = 0, Vps = 0) 
Gate 1 to Source Cutoff Voltage VG1S(off) 
(Vps = 15 Vde, VGas = 4.0 Vde, Ip = 200 wAdc) 
Gate 2 to Source Cutoff Voltage VG2S(off) 
(Vps = 15 Vdc, VGis = 0, Ip = 200 wAdc) 
ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vps = 15 Vdc, VG2s = 0, VG2sg = 4.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance (Gate 1 connected to Drain) 
(Vps = 15 Vdc, Vgag = 4.0 Vde, Ip = 10 mAdc, f = 1.0 kHz) 


Input Capacitance 
(Vps = 15 Vde, VG2sg = 4.0 Vdc, ip = Ipss, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 15 Vde, VG2s = 4.0 Vdc, Ip = Ipss, = 1.0 MHz) 


Output Capacitance 
(Vps = 15 Vde, VG2sg = 4.0 Vde, Ip = Ipss, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 
Noise Figure (Figure 8) 

(See Test Circuit in Figure 11) 

Common Source Power Gain (Figure 7) 

(See Test Circuit in Figure 11) 
Level of Unwanted Signal for 1.0% Cross Modulation (Figure 10) 

(See Test Circuit in Figure 11) 
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MFE140 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


po Characteristic | Symbol | Min 


Typ 


Common-Source Conversion Power Gain (Gate 1 or Gate 2 Injection, 


Figure 12) 


(See Test Circuit in Figure 13) 


1/2 |.F. Rejection 1/2 IFREJ 
(See Test Circuit in Figure 13) 


110.7 MHz) 


(Signal Frequency = 100 MHz, Local Oscillator Frequency 


COMMON-SOURCE ADMITTANCE PARAMETERS 


= 6.0 mAdc) 


= 4.0 Vdc, Ip 


VG2s 


(Vpg = 15 Vde, 


FIGURE 2 — REVERSE TRANSFER ADMITTANCE 


FIGURE 1 — INPUT ADMITTANCE 
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FIGURE 4 — OUTPUT ADMITTANCE 


FIGURE 3 — FORWARD TRANSFER ADMITTANCE 


(soy) 39NVLda9SNS LNdNI *°q 
o nf 28 o 


100 


80 
f, FREQUENCY (MHz) 


[=] oS [=] So —) So 
(soyww) JONVLOINGNOD LAdNI ‘S°6 
(soyww) JONVW1d39SNS Sq 


ad -_ = = S = = 


SVT, 
HO 


(soywtt) JONVLINGNOD Y34SNVHL GYVMUuOS ‘S36 


f, FAEOUENCY (MHz) 


FORWARD TRANSFER ADMITTANCE 


(Vps = 15 Vdc, f = 1.0 kHz) 


FIGURE 6 — GATE 2 


FIGURE 5 — GATE 1 
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VG2s, GATE 2 SOURCE VOLTAGE (VOLTS) 
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MFE140 


FIGURE 7 — POWER GAIN 
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rs 
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FIGURE 9 — GAIN REDUCTION 
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GAIN REDUCTION (dB) 
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FIGURE 8 — NOISE FIGURE 
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FIGURE 10 — CROSS MODULATION 
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FIGURE 11 — 105 MHz POWER GAIN AND NOISE FIGURE TEST CIRCUIT 


The following component values are for a stern stability factor = 2.0. 


L1,L2 126 nH PAUL SMITH CO. SK-138-1 
4-% Turns (yellow) 
C1 Nominal 7.0 pF Adjusted for source impedance of 
approximately 1000 2, JOHANSON JMC2951 
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O+15V 


0.001 UF 
0.001 MF a 


Ferrite Beads 


| C4 
RF Output 


“) Zour = 502 
C3 
0.001 


ee 1 


C2 Nominal 4.0 pF ARCO 402 
C3 Nominal 13.73 pF ARCO 403 
C4 Nominal 4.36 pF JOHANSON JMC2951 


All Decoupling Capacitors are Ceramic Discs. 


MOTOROLA SEMICONDUCTORS 


MFE140 


FIGURE 12 — CONVERSION GAIN 


Injection 


gm 2 


ws A lt iat 


Gcs, COMMON-SOURCE CONVERSION 
POWER GAIN (dB) 


Vin(RMS), RMS INJECTION VOLTAGE (VOLTS) 


| FIGURE 13 — CONVERSION GAIN TEST CIRCUIT 


Local Oscillator Injection 
Vin(RMS) © 2.0 V for G2 
= 0.9 V forG1 

f = 110.7 MHz 


6-120 


O+15V 
e 0.001 MEF 0.1 HF = 
. Ferrite Beads l. ip Output 
<— C5 f= 10.7 MHz 
O zZ = 50 2 
fin C1 C3 : = 0 rae Ce) out 
Zin = 502 (eo . ‘ 
f= 100 MHz (i 
L1 = = 
10k i) PnOuEE 270 T 0.001 uF 
L1 126 nH PAUL SMITH CO. SK-138-1 
4-% Turns (yellow) 

L2 2.73 wH High Untoaded Q 

C1 JOHANSON JMC2951 

C4,C5,C6 ARCO 402 
; *For G1 injection, C2 is changed to bypass G2 to ground and C3 is 
added to connect G1 to the injection input. 
MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
{ 
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MFE140 


PRINTED CIRCUIT BOARD LAYOUT INFORMATION 


FIGURE 14 — TEST FIXTURES 


105 MHz POWER GAIN AND NOISE 
FIGURE TEST CIRCUIT 


RF Output C4 0.001 n.F 270 DUT 


C3 


Ferrite 
Beads 


L2 


0.001 nF 47 0.001uF 100k 0.0014nF 120k 82k 


100 MHz to 10.7 MHz CONVERSION 
GAIN TEST CIRCUIT 


100k 120k Ferrite Beads O.1uF 47 0.001 LE 


Local Oscillator Input 
Shown for G2 Injection (2) § 


0.001 pF 


150 k 
10k P15 pF 
0.001 uF 


L1 


. 


RF Input cc 


C4 “DUT 270 0.001nF C6 IF Output 


Notes: 
1. C1 is on the bottom side of the board. 
2. For G1 Injection, C2 is changed to bypass 
G2 to ground and C3 is added to connect G1 to 
the injection input. See Figure 13. 
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MFE823 


CASE 22-03, STYLE 11 


TO-18 (TO-206AA) MAXIMUM RATINGS 


Rating 


Drain Current 
Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


MOSFET 


seat << EMANICEMMENTE THERMAL CHARACTERISTICS 


Symbol 
Thermal Resistance, Junction to Ambient RaJA 
Thermal Resistance, Junction to Case | Rec | 


R@JC 


Refer to 2N4352 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot_| Min | Max | unit _| 


Drain-Source Breakdown Voltage V(BR)DSX Vde 
(Ip = —10 wAdec, Ves = 0 Vdc) 
Zero-Gate-Voltage Drain Current nAdc 
(Vps = —10 Vdc, Vgs = 0) 
Gate Reverse Current pAdc 
(VGs = —10 Vdc, Vps = 0) 


ON CHARACTERISTICS 

Gate Threshold Voltage VGS(Th) Vdc 
(Vps = —10 Vde, Ip = —10 wAdc) 

On-State Drain Current mAdc 
(Vps = —10 Vdc, Vgg = —10 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
(Vps = —10 Vde, Ip = —2.0 mAdc, f = 1.0 kHz) 


Input Capacitance 
(Vps = —10 Vdc, Vgg = —10 Vde, f = 1.0 MHz) 


OFF CHARACTERISTICS 


Reverse Transfer Capacitance 
(Vps = —10 Vdc, Vgg = —10 Vdc, f = 1.0 MHz) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


6-122 


MFE825 


CASE 22-03, STYLE 2 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 
Rating 


Drain Current 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


MOSFET 


N-CHANNEL — DEPLETION 


Refer to 2N3796 for graphs. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
(Ip = 1.0 vA, Vgg = —8.0 V) 


Gate Reverse Current 


(VGs = —10V, Vps = 0 V) 


Gate Source Voltage 
(Ip = 1.0 nA, Vps = 2.0 V) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current | 25 mA 
(Vps = 10 V, Vas = 0) 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance lyfs| pmhos 
(Vps = 10 V, Ves = 0, f = 1.0 kHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS . 
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MFE910 
MPF910 


MFE910 
CASE 79-02, STYLE 6 
TO-39 (TO-205AD) 


a 


MAXIMUM RATINGS 
Rating 


Gate-Source Voltage 


MPE910 
CASE 29-03, STYLE 22 
(TO-226AE) 


TMOS | 


SWITCHING 
(1) The Power Dissipation of the package may result in a lower continuous drain 
N-CHANNEL — ENHANCEMENT current. 
(2) Pulse Width < 300 us, Duty Cycle < 2.0%. 


Drain Current — Continuous(1) 
Pulsed(2) 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C MPF910 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C MFE910 


Refer to 2N6659 for additional graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Zero-Gate-Voltage Drain Current pAdc 
(Vps = 40 V, Ves = 0) 

Gate Reverse Current Igss nAdc 
(VGs = 10 V, Vps = 0) 

Drain-Source Breakdown Voltage V(BR)DSS Vdc 
(Ves = 0, Ip = 100 pA) 


ON CHARACTERISTICS 
Gate Threshold Voltage VGSith) Vdc 
(Vps = VGs_ Ip = 1.0 mA) 
Drain-Source On-Voltage VDS(on) 
(VGs = 10 V, Ip = 500 mA) 


OFF CHARACTERISTICS 


On-State Drain Current 
(Vps = 25 V, Veg = 10 V) 


Forward Transconductance 
(Vps = 15 V, lp = 500 mA) 


FIGURE 1 — Vgs(th) NORMALIZED versus TEMPERATURE 


: rq 
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Ty, JUNCTION TEMPERATURE Vs, DRAIN-TO- SOURCE VOLTAGE (VOLTS) 
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MFE910, MPF910 


FIGURE 3 — OUTPUT CHARACTERISTICS FIGURE 4 — CAPACITANCE versus DRAIN-TO-SOURCE VOLTAGE 


Ibjon). DRAIN CURRENT (AMPS) 
C, CAPACITANCE (pF) 


0 20 30 40 60 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
a a NS Na 
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ae MFE930 
po MFE960 
ee MFES990 


MAXIMUM RATINGS 


ee ee 
[Drain-Source Voltage | Vos | 35 | 60 | 90 | Vdc | 
[Drain-Gate Voltage | Vg | 35 | 60 | 90 | Vide | 


£30 
Drain Current . Adc. 
Continuous(1) ID 
-Pulsed(2) IDM 
Total Device Dissipation 
@ Tc = 25°C 6.25 Watts 
TMOS Derate above 25°C 50 mW/°C 
SWITCHING Operating and Storage Junction Ty, Tstg °C 
Temperature Range 
N-CHANNEL — ENHANCEMENT (1) The Power Dissipation of the package may result in a lower continuous drain 


current. 
(2) Pulse Width < 300 us, Duty Cycle < 2.0%. 


| CASE 79-02, STYLE 6 
| TO-39 (TO-205AD) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


MFE960 


V(BR)DSX 
at 
MFE990 a 


Gate Reverse Current nAdc 
| (VGs = 15 Vde, Vps = 0) 
| ON CHARACTERISTICS* 
. Zero-Gate-Voltage Drain Current pAdc 
| (Vps = Maximum Rating, Vgs = 0) 
| Gate Threshold Voltage VGS(Th) 
(Vps = Ves. Ip = 1.0 mA) 


Drain-Source On-Voltage (Vgg = 10 V) VDS(on) 

(Ip = 0.5 A) MFE930 
MFE960 
| MFE990 
| (Ip = 1.0 A) | MFE930 
| MFE960 
| MFE990 
| (Ip = 2.0 A) MFE930 
| MFE960 
| MFE990 


Static Drain-Source On Resistance 
(Vgs = 10 Vdc, Ip = 1.0 Adc) MFE930 
MFE960 
MFE990 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
(VGs = 0, Ip = 10 pA) MFE930 


On-State Drain Current 
(Vps = 25 V, Vgsg = 10 V) 


SMALL-SIGNAL CHARACTERISTICS 


Input Capacitance 
(Vps = 25 V, Ves = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 25 V, Ves = 0, f = 1.0 MHz) 


Output Capacitance 
(Vps = 25 V, Ves = 0, f = 1.0 MHz) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MFE930, MFE960, MFE990 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Thrace i Smt | in| Ty | Max | Ue 


Forward Transconductance 
(Vps = 25 V, Ip = 0.5 A) 


SWITCHING CHARACTERISTICS* 


*Pulse Test: Pulse Width < 300 ys, Duty Cycle <= 2.0%. 


RESISTIVE SWITCHING 
FIGURE 1 — SWITCHING TEST CIRCUIT FIGURE 2 — SWITCHING WAVEFORMS 
+25 V 


To Sampling Scope 
50 2 Input 
Pulse Generator Vout 


Output Vout 
Inverted 


= 10 V 


Input Vin 


e 
= 
oO 
= ‘ 
4 
3 ' 
= 
B 0, 
a: 
Bo. 

0, 0 

-~§ -35 -15 +50 25 45 65 85 105 125 145 0 50 10 20 30 40 50 

Ty, JUNCTION TEMPERATURE (°C) Vps, DRAIN-SOURCE VOLTAGE (VOLTS) 
FIGURE 5 — TRANSFER CHARACTERISTIC FIGURE 6 — OUTPUT CHARACTERISTIC 

2.4 

21 
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18 
zs z 
= ed 
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10 0 50 10 20 30 40 50 
Vgs, GATE-SOURCE VOLTAGE (VOLTS) , Vpg, DRAIN-SOURCE VOLTAGE (VOLTS) 
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MFE930, MFE960, MFE990 


Ipjon}- DRAIN CURRENT (AMPS) 


FIGURE 7 — SATURATION CHARACTERISTIC - 
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Vps, DRAIN-SOURCE VOLTAGE (VOLTS) 
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MFE2000 
MFE2001 


CASE 20-03, STYLE 1 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 


a oe 

[brsin-Source Voltage ——=S~*sdSC«N gs | 

ee Ol 
ae ee ae 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


JFET 
VHF/UHF AMPLIFIER 


N-CHANNEL — DEPLETION 


Operating and Storage Junction Ty, Tstg 
Temperature Range 


Refer to 2N4416 for graphs. 


J Characteristic | Symbot_ | min | typ | Max | Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage ViBR)GSS Vdc 

(Ig = —1.0 pAdc, Vps = 0) 
Gate Reverse Current less 

(VGs = —20 Vdc, Vps = 0) 

(VGs = —20 Vdc, Vps = 0, Ta = 150°C) 

™ p= 

ON CHARACTERISTICS 
Zero-Gate-Voltage Drain Current 

(Vps = 15 Vde, VGs = 0) MFE2000 : 

MFE2001 : 


Gate Source Cutoff Voltage 
(Ip = 0.5 mAdc, Vpsg = 15 Vdc) MFE2000 
MFE2001 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = 15 Vdc, Vgs = 0, f = 1.0 kHz) MFE2000 
MFE2001 


Output Admittance 
(Vps = 15 Vdc, Veg = 0, f = 1.0 kHz) MFE2000 
MFE2001 


Input Capacitance 
(Vps = 15 Vde, Vgg = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 15 Vde, Vgg = 0, f = 1.0 MHz) 


Output Capacitance 

(Vps = 15 Vde, Ves = 0, f = 1.0 MHz) 
FUNCTIONAL CHARACTERISTICS 
Noise Figure 


(Vps = 15 Vde, Ip = 4.0 mAdc, f = 100 MHz, Rg 
(Vps = 15 Vde, Ip = 4.0 mAdc, f = 400 MHz, Rg 


1.0 k ohm) 
1.0 k ohm) 


= 
= 


Common Source Power Gain 
(Vps = 15 Vdc, Ip = 4.0 mAdc, f = 100 MHz) 
(Vps = 15 Vde, Ip = 4.0 mAdc, f = 400 MHz) 
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MFE2004 
MFE2005 
MFE2006 


CASE 22-03, STYLE 4 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 


Forward Gate Current 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Junction Temperature Range TY 
Storage Temperature Range 


| JFET 
! CHOPPER 


N-CHANNEL — DEPLETION 


=jcenar 
| ps 
aed 


Seas Fan 


Refer to 2N4091 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic [| Symbol | Min | Max | Unit __| 
OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage V(BR)GSS Vdc 
(Ig = 1.0 wAdc, Vps = 0) 


Gate Reverse Current 
(Vgsg = 20 Vdc, Vps nAdc 
(VGs = 20 Vdc, Vps = 0, Ta = 150°C) pAdc 


Drain Cutoff Current 
| (Vps = 20 Vde, Vgs = 12 Vdc) nAdc 
(Vps = 20 Vdc, Vgsg = 12 Vde, Ta = 150°C) pAdc 


Gate Source Voltage Vde 
(Vps = 20 Vdc, Ip = 50 wAdc) MFE2004 

MFE2005 

MFE2006 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current* 
(Vps = 20 Vdc, Ves = 0) MFE2004 ae 
MFE2005 
MFE2006 


| Gate-Source Forward Voltage VGSif) 
} (ig = 1.0 mAde, Vps = 0) 


Drain-Source On-Voltage VpS(on) 
(Ip = 3.0 mAdc, Vgs = 0) MFE2004 
| (Ip = 6.0 mAdc, Vgs = 0) MFE2005 
| | (Ip = 10 mAdc, Vgg = 0) MFE2006 


Static Drain-Source On Resistance 
(Ip = 1.0 mAdc, VGs = 0) MFE2004 
MFE2005 
MFE2006 


| SMALL-SIGNAL CHARACTERISTICS 


Static Drain-Source “ON” Resistance 
(Vgs = 0, Ip = 0, f = 1.0 kHz) MFE2004 
MFE2005 
MFE2006 


Input Capacitance 
(Vps = 0, Vgg = —12 Vdc, f = 1.0 MHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MFE2004, MFE2005, MFE2006 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Reverse Transfer Capacitance 


(Vps = 0, Vgs = 6.0 Vdc, f = 1.0 MHz) 
(Vps = 0, Ves = 8.0 Vde, f = 1.0 MHz) 


MFE2004 
MFE2005 
MFE2006 


(Vps = 0, Ves = 12 Vdc, f = 1.0 MHz) 
SWITCHING CHARACTERISTICS 
Turn-On Delay Time 
(Vpp = 3.0 Vdc, Ip = 3.0 mAdc, Vg 
(Vpp = 3.0 Vdc, Ip = 6.0 mAdc, Vg 
(Vpp = 3.0 Vdc, Ip = 10 mAdc, Vg 
Rise Time 
(Vpp = 3.0 Vde, Ip = 3.0 mAdc, V6s 


(Vpp = 3.0 Vdc, Ip = 6.0 mAdc, Ves 
(Vpp = 3.0 Vdc, Ip = 10 mAdc, VEg = 0) 


Turn-Off Time 
(Vpp = 3.0 Vdc, Ip = 3.0 mAdc, VGs(off) = 6.0 Vdc) 
(Vpp = 3.0 Vdc, Ip = 6.0 mAdc, VGSioff) = 8.0 Vdc) 
(Vpp = 3.0 Vdc, Ip = 10 mAdc, VGSioff) = 12 Vde) 


*Pulse Test: Pulse Width < 300 ys, Duty Cycle < 3.0%. 


MFE2004 
MFE2005 
MFE2006 


MFE2004 
MFE2005 
MFE2006 


MFE2004 
MFE2005 
MFE2006 


SMALL-SIGNAL DEVICES 
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MFE2010 
MFE2011 
MFE2012 


CASE 22-03, STYLE 4 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 


[Rating ———————~*d:CS rbot 


| 
Total Device Dissipation @ Tc = 25°C Co ef Watt 
Derate above 25°C 10 mWw/°C 


JFET 
CHOPPER 


N-CHANNEL — DEPLETION 


Refer to J107 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | Max | Unit _| 
OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage V(BR)GSS Vde 
(ig = 10 wAdc, Vps = 0) 


Gate Reverse Current 


nAdc 
= 0, Ta = 150°C) pAdc 

Drain Cutoff Current 
(Vps = 15 Vde, VgGs 
(Vps = 15 Vde, Ves 


ON CHARACTERISTICS 
Zero-Gate-Voltage Drain Current* 
(Vps = 20 Vdc, Ves = 0) ; MFE2010 


MFE2011 
MFE2012 


12 Vdc) nAdc 
12 Vdc, Ta = 150°C) pAdc 


Gate-Source Forward Voltage 
(Ig = 1.0 mAdc, Vps = 0) 


Gate-Source Voltage 
(Vps = 15 Vde, Ip = 1.0 wAdc) MFE2010 
MFE2011 
MFE2012 


Drain-Source On-Voltage 
(Ip = 8.0 mAdc, Vgsg = 0) | MFE2010 
(Ip = 15 mAde, Veg = 0) MFE2011 
(Ip = 30 mAdc, Vgg = 0) MFE2012 


Static Drain-Source On Resistance 
(Ip = 1.0 mAdc, Ves = 0) MFE2010 
MFE2011 
MFE2012 


SMALL-SIGNAL CHARACTERISTICS 


Static Drain-Source ““ON” Resistance 

(Vgs = 0, Ip = 0, f = 1.0 kHz) MFE2010 
MFE2011 
MFE2012 


15 
10 
Input Capacitance Ciss pF 
(Vps = 0, Vgg = 10 Vde, f = 1.0 MHz) 
Reverse Transfer Capacitance Crss pF 
(Vps = 0, VG@s = 12 Vdc, f = 1.0 MHz) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


'ds(on) Ohms 
25 
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MFE2010, MFE2011, MFE2012 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit | 


SWITCHING CHARACTERISTICS | 


| aon) 
se UNS oo ce a ci ke ened ee ee 


Turn-Off Delay Time td(off) 
(Vpp = 15 Vde, Ip = 8.0 mAdc) MFE2010 35 
(Vpp = 15 Vde, Ip = 15 mAdc) MFE2011 20 
(Vpp = 15 Vde, Ip = 30 mAdc) MFE2012 12 


Fall Time tf 
(Vpp = 15 Vdc, Ip = 8.0 mAdc) MFE2010 75 
(Vpp = 15 Vde, Ip = 15 mAdc) MFE2011 
(Vpp = 15 Vde, Ip = 30 mAdc) MFE2012 


*Pulse Test: Pulse Width < 300 us, Duty Cycle < 3.0%. 
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-MFE3001 


CASE 20-03, STYLE 2 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 
+20 Vde 
[DrainCurrent Tt 20m 


Total Device Dissipation @ Ta = 25°C mw 
Derate above 25°C mW/°C 


FET 
LOW-POWER AUDIO 


N-CHANNEL — DEPLETION 


Refer to 2N3796 for graphs. 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot_| Min | Max | unit _| 


Drain-Source Breakdown Voltage V(BR)DSX Vde 
(VGs = —8.0V, Ip = 10 wAdc) 
Gate Reverse Current less 10 pAdc 
(V@s = —10 Vdc, Vps = 0) 
Gate Source Cutoff Voltage VGS(off) Vdc 
(Ips = 1.0 wAdec, Vpg = 10 Vdc) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(VGs = 0 Vde, Vps = 10 Vdc) 


On-State Drain Current 
(VGs = 3.5 Vde, Vps = 10 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 

(Vps = 10 Vdc, Vgs = 0, f = 1.0 kHz) 
Output Admittance 

(Vps = 10 Vdc, Vgs = 0, f = 1.0 kHz) 


Input Capacitance 
(Vps = 10 Vde, Vgs = 0, f = 1.0 MHz) 


OFF CHARACTERISTICS 


Reverse Transfer Capacitance 
(Vps = 10 Vde, Vgs = 0, f = 1.0 MHz) 
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MFE3002 


CASE 20-03, STYLE 7 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 


: 
Drain-Source Voltage 
Drain-Gate Voltage 


Gate-Source Voltage 


[Drain Current —SSSS™S~*~sCSCi®SSdY 8m 

Total Device Dissipation @ Tc = 25°C 200 mw 
Derate above 25°C 1.4 mWw/°C 

Operating and Storage Junction Tj, Tstg | —65 to +175 °C 
Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


po haracteristic | Symbol | Min | Max | Unit | 


MOSFET 
CHOPPER 


N-CHANNEL — ENHANCEMENT 


OFF CHARACTERISTICS 


Zero-Gate-Voitage Drain Current 
(Vps = +10 Vdc, Vgs = 0) 
(Vps = +10 Vde, Veg = 0, Tc = 125°C) 


Gate Reverse Current lass +100 pAdc 
(V@s = +10 Vdc, Vps = 0) 
Drain-Source Breakdown Voltage V(BR)DS Vde 
(V6s = 0, Ip = 10 pAdc) 


ON CHARACTERISTICS 


Gate Threshold Voltage VGS(TH) Vdc 
(Vps = +10 Vde, ID = 10 wAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Input Capacitance Ciss 
(Vps = +10 Vdc, Vgsg = 0, f = 1.0 MHz) 
Reverse Transfer Capacitance Crss 
(Vps = 0, Ves = 0, f = 1.0 MHz) | 
Drain-Substrate Capacitance Cd(sub) pF 
(Vp(SUB) = +10 Vde, f = 1.0 MHz) 
Static Drain-Source On Resistance rds(on) Ohms 
(VGs = +10 Vde, Ip = 0, f = 1.0 kHz) 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


6-135 


| 
{ 
4 
| 
i 
| 


i 
‘ 
4 
4 
a 
‘ 


MFE3003 


CASE 20-03, STYLE 5 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 


Drain-Source Voltage | Vps 
Drain-Gate Voltage | Vpg | 
Gate-Source Voltage | veg | +20 | Vde 


MOSFET 
CHOPPER 


P-CHANNEL — ENHANCEMENT 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
Operating and Storage Junction Ty, Tstg —65 to +175 °C 
Temperature Range 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | Max | Unit _| 
Drain-Source Breakdown Voltage V(BR)DSX Vde 
_ (Vgs = 0, ID = —10 wAdc) 


Zero-Gate-Voltage Drain Current nAdc 
(Vps = —10 Vde, Ves = 0) 
eee 


OFF CHARACTERISTICS 


(Vps = —10 Vde, Ves = 0, Tc = 125°C) 


Gate Reverse Current 
(VGs = +10 Vdc, Vps = 


ON CHARACTERISTICS 


Gate Threshold Voltage VGS(Th) Vdc 
(Vps = —10 Vde, lp = —10 wAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Drain-Source Resistance . 'ds(on) 

(VGs = —10 Vdc, Ip = 0, f = 1.0 kHz) 

Input Capacitance Ciss 
(Vps = —10 Vde, Vgg = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss 
(Vps = 0, Vgs = 0, f = 1.0 MHz) 

Drain-Substrate Capacitance Caleubi 
(Vp(SUB) = —10 Vdc, f = 1.0 MHz) 
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MFE3004 
MFE3005 


CASE 20-03, STYLE 7 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 


Rating 


MOSFET 
VHF/UHF AMPLIFIER 


N-CHANNEL — DEPLETION 


Total Device Dissipation @ Tc = 25°C 200 . mw 
Derate above 25°C 1.33 mWw/°C 
Operating and Storage Junction Ty, Tstg | —65 to +175 °C 
Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Pp Characteristic | Symbot | min | Max | unit | 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage V(BR)DSX Vdc 
(VGs = —5.0 Vde, Ip = 10 pAdc) 

Gate Reverse Current IGss +50 pAdc 
(VGs = +15 Vde, Vps = 0) 

Gate Source Cutoff Voltage VGS(off) Vde 
(Ip = 10 Adc, Vps = 15 Vdc) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 10 mAdc 
(Vps = 15 Vde, Ves = 0) . 
SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = 15 Vde, Ip = 2.0 mAdc, f = 1.0 kHz) 


Input Capacitance 
(Vps = 15 Vde, Vgs = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 15 Vde, Vgsg = 0, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vps = 15 Vdc, Ip = 2.0 mAdc, Rg ~ 1.8 k ohms, f = 200 MHz) 
(Figure 1) MFE3004 
(Vps = 15 Vdc, Ip = 2.0 mAdc, Rg ~ 650 ohms, f = 400 MHz) 
(Figure 2). MFE3005 


Common Source Power Gain 
(Vps = 15 Vde, Ip = 2.0 mAdc, Rg ~ 1.8 k ohms, f = 200 MHz) 
(Figure 1) MFE3004 
(Vps = 15 Vde, Ip = 2.0 mAdc, Rg ~ 650 ohms, f = 400 MHz) . 
(Figure 2) MFE3005 
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MFE3004, MFE3005 


FIGURE 1 — 200 MHz TEST CIRCUIT — NEUTRALIZED 


3 1/2 turns AWG #16 


/ 1/4” |. D., 1/2” winding 
/ length, tapped at 1/2 turn 
i] from drain. 
Rg = 500 1-10 Sa —Y a6 1-10 RL = 502 
IN (@ 


= ! = 


2 Turns AWG #14, = 
1/2 |. D., Tapped at ? | ar ea 
1/2 turn from gate, i 

0.2” winding length. 110 


0.001 ; 
pF T ated iy / a Ab 0.001 uF 
2.0 k 


= = | 


1M | 


| 14142 1/2 turns AWG #16, 
: | 1/4"1. D., 1.2" winding 
length. 


VGG VoD 


Unless otherwise specified: Capacitance values in pF 


FIGURE 2 — 400 MHz TEST CIRCUIT — NEUTRALIZED 


Rg = 500 1-10 7345 TY 1-10 1-10 RL = 50 
me a ae @) our 
3 ~ i 470 = = 
| 12 turn AWG #14, ~ 1/2 turn AWG #14, 
1/2” |. D., CT 1/2" 1. D., CT 
10 1-10 
0.01 id of Daas oe 7 0.01 uF 
iM 4 turns AWG #16, 2.0 k 
1/4" |. D., 3/8” 
winding length. 
470 oT 
VGG VpD 
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MFE9200 


CASE 22-03, STYLE 12 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 


ee 


Drain Current mAdc 
Continuous (1) 400 
Pulsed (2) 800 
Total Device Dissipation @ Tc = 25°C 1.8 Watts 
Derate above 25°C 14.4 mWw/°C 
Operating and Storage Junction Ty, Tstg -55 to + 150 
Temperature Range 
ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Drain-Source Breakdown Voltage V(BR)DSX Vde 
(Vg6s = 0, Ip = 10 pA) 
Gate Reverse Current less 0.01 nAdc 

(VGs = 15 Vde, Vps = 0) 

ON CHARACTERISTICS* : 

Zero-Gate-Voltage Drain Current pAdc 
(Vps = 200 V, Veg = 0) 

Gate Threshold Voltage | VGS(Th) 
(Vps = Ves. Ip = 1.0 mA) 


Drain-Source On-Voltage (Vgg = 10 V) VDS(on) 
(Ip = 100 mA) 0.45 0.6 
a 7 1.60 
'DS(on) BF Ohms 


TMOS 
SWITCHING 


N-CHANNEL — ENHANCEMENT 


OFF CHARACTERISTICS 


(Ip = 250 mA) 
(Ip = 500 mA) 


Static Drain-Source On Resistance 


(Vgg = 10 Vdc) 
(Ip = 100 mA) 
(Ip = 250 mA) 


(Ip = 500 mA) 


On-State Drain Current 
(Vps = 25 V, Ves = 10 V) 


SMALL-SIGNAL CHARACTERISTICS 


Input Capacitance 
(Vps = 25 V, Ves = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 25V, Ves = 0, f = 1.0 MHz) 


Output Capacitance 
(Vps = 25 V, Ves = 0, f = 1.0 MHz) 


Forward Transconductance 
(Vps = 25 V, ID = 250 mA) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
See Figure 1 


Turn-Off Time 
See Figure 1 


* Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MFE9200 — 


RESISTIVE SWITCHING 
FIGURE 1 — SWITCHING TEST CIRCUIT FIGURE 2 — SWITCHING WAVEFORMS 


+25 V 


23 To Sampling Scope 


50 © Input 
20 dB 
50 0 Attenuator 


Pulse Generator 


Output Vout 
Inverted 


10V- 


Input Vin 


we FIGURE 3 — ON VOLTAGE versus TEMPERATURE FIGURE 4 — CAPACITANCE VARIATION 


ae 
i 
ia 
a 
|_ 
\ 
as 


Vps, DRAIN-SOURCE VOLTAGE (VOLTS) 


0.1 0 
. 55 -3 -15 +50 2 45 65 8 105 125 145 0 10 20 30 40 50 
Ty, JUNCTION TEMPERATURE (°C) Vps, DRAIN-SOURCE VOLTAGE (VOLTS) 
FIGURE 5 — TRANSFER CHARACTERISTIC | FIGURE 6 — OUTPUT CHARACTERISTIC 


ra 2 ae a ae Se 
2 as cee RC a 
= = ° ee ae ae 
z =e Seamer Cae! (che 
a ° feet ae | 
: ae LS are a 6) 
q . aaa eal 
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ae EES a Gs a Cae (el eS 
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| &. Vag, GATE-SOURCE VOLTAGE (VOLTS) Vps, DRAIN-SOURCE VOLTAGE (VOLTS) 
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MFE9200 


FIGURE 7 — SATURATION CHARACTERISTIC 


Ipjon), DRAIN CURRENT (AMPS) 


Vos, DRAIN-SOURCE VOLTAGE (volts). 


SMALL-SIGNAL DEVICES | MOTOROLA SEMICONDUCTORS 


6-141 


: 
4 
4 
4 


MFQ930C 
MFQ960C 
MFQ990C 


CASE 632-02, STYLE 1 MAXIMUM RATINGS 
TO-116 


|Rating | Symbol | MFO930C 
| Drain-Source Voltage | Vps_ | 35 
[Drain-Gate Voltage | Voc | 35 
[ese vets [veg [sof var 


Drain Current 
Continuous (1) 
Pulsed (2) 
Each Total 
Transistor; Device 
Total Device Dissipation @ Ta = 25°C 0.5 2.0 Watts 
Derate Above 25°C 17.0 66.6 mW/°C 
Operating and Storage Junction Ty. Tstg ~55 to +150 ss 8 
Temperature Range 
Refer to MFE930 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


V(BR)DSX 
a 
a4 
Gate Reverse Current (Vgs = 15 Vdc, Vps = 0) 


po = | 80 | nade 
ON CHARACTERISTICS* 


Zero-Gate-Voltage Drain Current (Vps = Maximum Rating, VGs = 0) tee os ee a 
Gate Threshold Voltage (Ip = 1.0 mA, Vps = V6s) VGS(Th | 10 | — | 35 | de 


Drain-Source On-Voltage (VGg = 10 V) VDS(on) Te 


(ip = 0.5 A) | MFQ930C 


/MFQ960C | MFOS90C | Unit _ 


QUAD 
DUAL-IN-LINE 
TMOS 


N-CHANNEL — ENHANCEMENT 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage ; 

(V6s = 0, Ip = 10 pA) MFQ930C 
MFQ960C 
MFQ990C 


MFQ960C 
MFQ990C 


(Ip = 1.0 A) MFQ930C 
MFQ960C 
MFag90C 


(ID = 2.0 A) MFQ930C 
MFQ960C 
MFQ990C 


Static Drain-Source On Resistance 
(VGs = 10 Vde, Ip = 1.0 Adc) MFQ930C 

MFQ960C 

MFQ990C 


SMALL-SIGNAL CHARACTERISTICS 


Input Capacitance 

(Vps = 25 V, Ves = 0, f = 1.0 MHz) 
Reverse Transfer Capacitance 

(Vps = 25 V, Ves = 0, f = 1.0 MHz) 


Output Capacitance 
(Vps = 25 V, Ves = 0, f = 1.0 MHz) 


Forward Transconductance 
(Vps = 25 V, Ip = 0.5 A) 


SWITCHING CHARACTERISTICS 


Turn-On Time ton | — | 70 | 15 | ns | 
Turn-Off Time ae ae ee 
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MPF102 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


nee 


JFET 
VHF AMPLIFIER 


Total Device Dissipation @ Ta = 25°C N-CHANNEL — DEPLETION 


Derate above 25°C 


Junction Temperature Range 
Storage Temperature Range ~-65 to + 150 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


po haracteristic SL Symbot | Min | Max | unit | 


OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS Vde 
(Ig = —10 wAdc, Vpsg = 0) 

Gate Reverse Current I6ss . 
(VGs = —15 Vde, Vps = 0) nAdc 
(VGs = —15 Vde, Vps = 0, Ta = 100°C) . pAdc 
Gate Source Cutoff Voltage . VGS(off) _ Vde 

(Vps = 15 Vde, Ip = 2.0 nAdc) 
Gate Source Voltage VG6sS ~7.5 Vdc 
(Vps = 15 Vde, Ip = 0.2 mAdc) 


ON CHARACTERISTICS 


| Unit 
| vdeo | 
| Vide | 
| Vide | 
awe 
eee 
eee! 


Refer to 2N4416 for graphs. 


Zero-Gate-Voltage Drain Current* mAdc 
(Vps = 15 Vde, Veg = 0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance* lyfsl . pmhos 
(Vps = 15 Vdc, Vg = 0, f = 1.0 kHz) 2000 -| 7500 
(Vps = 15 Vdc, Veg = 0, f = 100 MHz) 1600 — 
Input Admittance . Re(yjs) 800 pemhos 
(Vps = 15 Vde, Vgg = 0, f = 100 MHz) | 
Output Conductance Re(ygs) pmhos 
(Vps = 15 Vde, V6g = 0, f = 100 MHz) 


Input Capacitance Ciss 
(Vps = 15 Vde, Veg = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance Crss 
(Vps = 15 Vde, Vgsg = 0, f = 1.0 MHz) 


*Pulse Test: Pulse Width < 630 ms; Duty Cycle =< 10%. 


. 
iil 
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MPF108 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


JFET | 
VHF AMPLIFIER 


N-CHANNEL — DEPLETION 


Forward Gate Current 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Junction Temperature Range -—65 to +135 
Storage Temperature Range —65 to +150 


| Symbol _ 


Refer to 2N4416 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol_| Min | Max | Unit _| 
OFF CHARACTERISTICS 
Gate-Source Breakdown Voltage (IG = 10 wAdc, Vps = 0) V(BR)GSS | -2 | Ud 


Gate Reverse Current (Vgsg = —15 Vdc, Vps = 0) IGSs nAdc 
(Vgs = —15 Vde, Vps = 0, Ta = 100°C) pAdc 
Gate-Source Cutoff Voltage* (Vps = 15 Vdc, Ip = 10 wAdc) VGS(off)* | 05) 6 | 80 | de 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current* (Vps = 15 Vdc, Ves = 0) | ipsst* | 15 | 24 mA 
SMALL-SIGNAL CHARACTERISTICS 
vfs) | 1600 | = — | amos _ 
* 


Forward Transfer Admittance (Vps = 15 Vdc, Vgs = 0, f = 100 MHz) 
Forward Transadmittance* (Vpg = 15 Vdc, Vgg = 0, f = 1.0 kHz) | ygg* | —2000-=S«|| 7500 


input Admittance (Vos = 15 Vdc, Vas = 0.f = 100Wra ——SS*d(CRetyg) | — | 800 | moo 
[Output Admittance (pg = 18 Veo, Ves = 0.f= wow (| Nol | =| __75 | mos _ 
[Output Conductance (pg = 18 Vdo, Vgg = 0.f= 100 Mi) —————*dCRelyog) | — | 200 | umhos 
[input Capacitance (Vos = 18 Vdc, gg = f= 10MM | Cys |_— | 05 | pF _ 
[Reverse Trantor Capacitance (ps = 15 Vdc, Vas =0,t= 10MM | Cas | — | 28 | pr 


FUNCTIONAL CHARACTERISTICS 
Noise Figure 


(Vps = 15 Vdc, Vgg = 0, Rg = 1.0 Megohm, f = 1.0 kHz) 
(Vps = 15 Vde, Vgsg = 0, Rg = 1.0 k ohm, f = 100 MHz) 
*To characterize these devices to narrower limits, regarding Ipss, VGS(off) and Yfs, the entire production lot is tested and divided into 


color-coded groups, with each color dot representing a relatively small range compared with the total min-max limit of the whole 
‘distribution. The color codes and their associated limits are given in the following table. 


When packaged for shipment, the colors are randomly selected and no specific color distribution is implied or guaranteed. 


| color | ts Vasiot! 


1.5 mAdc, Min, 3.0 mAdc Max 0.5 Vdc Min, 5.0 Vdc Max 2000 to 6500 wmhos 
2.5 mAdc Min, 5.0 mAdc Max 0.5 Vde Min, 5.0 Vde Max 2000 to 6500 zpmhos 
4.0 mAdc Min, 8.0 mAdc Max 1.0 Vde Min, 7.0 Vdc Max 2500 to 7000 wmhos 
7.0 mAdc Min, 14 mAdc Max 1.0 Vde Min, 7.0 Vdc Max 2500 to 7000 wzmhos 
12 mAdc Min, 24 mAdc Max 2.0 Vde Min, 8.0 Vde Max 3000 to 7500 wmhos 
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MPF111 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


| Rating | Symbol | Value | Unit 


Drain-Source Voltage | Vps | 20 | Vdc 


Drain-Gate Voltage [| Mog | 20 | Vdc | 
Gate-Source Voltage | Ves | -20 | Vide | 


JFET 
GENERAL PURPOSE 


N-CHANNEL — DEPLETION 


VGs de 

|GateCurrent | tg S| 10] mA 

Total Device Dissipation @ Ta = 25°C ee | 
Derate above 25°C 2.0 mW/°C 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Refer to 2N4220 for graphs. 


[characteristic Symbot [min [typ [Max [unit _| 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage V(BR)GSS Vdc 
(Ig = —10 wAdc, Vps = 0) 

Gate Reverse Current IGss 100 nAdc 
(VGsg = —10 Vde, Vps = 0) 

Gate Source Cutoff Voltage VGS(off) —-10 Vde 
(Vps = 10 Vdc, Ip = 1.0 wAdc) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(1) mAdc 
(Vps = 10 Vdc, Vgs = 0) 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance(1) lyfs| pumhos 

(Vps = 10 Vdc, Veg = 0, f = 1.0 kHz) 

Output Admittance(1) lYos| pumhos 
(Vps = 10 Vdc, Ves = 0, f = 1.0 kHz) 

Input Capacitance Ciss 
(Vps = 10 Vdc, Veg = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(Vps = 10 Vdc, Ves = 0, f = 1.0 MHz) 


(1) Pulse Test: Pulse Width < 630 ms; Duty Cycle < 10%. 
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MPF112 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


ae ee 
a 


Drain-Source Voltage as 


[ete curet ——SSSS*Y tg | te 


Total Device Dissipation @ Ta = 25°C Ce i 
Derate above 25°C Wire 
| Junction TemperatureRange | Ty | 128 | 
Refer to 2N4416 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Gate-Source Breakdown Voltage . V(BR)GSS —25 Vdc 
(Ig = —10 pAdc, Vps = 0) 

Gate Reverse Current Igss nAdc 
(VGs = —10 Vde, Vps = 0) 

Gate Source Cutoff Voltage VGS(off) 
(Vps = 10 Vde, Ip = 1.0 wAdc) 
ON CHARACTERISTICS | 
Zero-Gate-Voltage Drain Current(1) . 1.0 mAdc 

(Vps = 10 Vdc, VGs = 0) 
SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = 10 Vde, VGs = 0, f = 1.0 kHz)(1) 
(Vps = 10 Vdc, Vgg = 0, f = 100 MHz) 


JFET 
VHF AMPLIFIER : 


N-CHANNEL — DEPLETION 


OFF CHARACTERISTICS 


Input Capacitance 
(Vpsg = 10 Vdc, Ves = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 10 Vdc, Veg = 0, f = 1.0 MHz) 


(1) Pulse Test: Pulse Width < 630 ms; Duty Cycle < 10%. 
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MPF130,131,132 
MFE130,131,132 


MPF130 SERIES 
CASE 317-01, STYLE 1 


MFE130 SERIES 


MAXIMUM RATINGS CASE 20-03, STYLE 9 


TO-72 (TO-206AF) 


a 


DUAL-GATE 
MOSFET 
VHF AMPLIFIER 


N-CHANNEL — DEPLETION 


MPF130 | MFE130 
Series Series 


Total Device Dissipation @ Ta = 25°C 
(Package Limitation) 
Derate above 25°C 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Drain-Source Breakdown Voltage 


V(BR)DSX Vde 

(Ip = 10 wAdc, Vg = 0, VGi = —4.0 V, VG2 = +4.0 V) 

Gate 1-Source Breakdown Voltage V(BR)G1SO +7.0 +20 Vde 
(ig1 = +10 wAdc, Ve25 = 0) 

Gate 2-Source Breakdown Voltage ‘V(BR)G2SO +7.0 +20 Vdc 
(Ig2 = +10 wAdc, Veas = 0) 

Gate 1 Leakage Current IGiss nAdc 
(VG1s = +6.0 Vdc, Vg2s = 0, Vps = 0) 

Gate 2 Leakage Current nAdc 
(VG2Ss = +6.0 Vdc, VGis = 0, Vps = 0) 

Gate 1 to Source Cutoff Voltage VG1S(off) Vdc 
(Vps = 15 Vdc, VG2sg = 4.0 Vde, Ip = 200 pAdc) 

Gate 2 to Source Cutoff Voltage VG2S(off) Vde 
(Vps = 15 Vdc, VG1sg = 0, Ip = 200 Adc) 


ON CHARACTERISTICS 


OFF CHARACTERISTICS 


Zero-Gate-Voltage Drain Current mAdc 
(Vps = 15 Vdc, VGis = 0, VG2s = 4.0 Vde) 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance (Gate 1 connected to Drain) lyfs| 8000 20000 pmhos 
(Vps = 15 Vdc, VG2sg = 4.0 Vde, Ip = 10 mAdc, f = 1.0 kHz) 
Input Capacitance Ciss 7.0 
(Vps = 15 Vdc Vgas = 4.0 Vdc, Ip = Ipss, f = 1.0 MHz) 
Reverse Transfer Capacitance Crss 
(Vps = 15 Vdc, VG2s = 4.0 Vde, Ip = 6.0 mAdc, f = 1.0 MHz) 
Output Capacitance Coss 
(Vps = 15 Vdc, Vgas = 4.0 Vdc, Ip = Ipss, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 


Noise Figure (Figure 7) 
(Vps = 15 Vde, VGas = 4.0 Vdc, 
Ip = 6.0 mAdc, Zs is optimized for NF) 


(f = 105 MHz) MPF/MFE130 
(f = 60 MHz) MPF/MFE131 
(f = 100 MHz) MPF/MFE131 
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| MPF130,131,132, MFE130,131,132 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


po Characteristic | Symbol | Min 


Common Source Power Gain (Figure 7) 
(Vps = 15 Vde, Vgas = 4.0 Vdc, 
Ip = 6.0 mAdc, Zg is optimized for NF) 
(f = 105 MHz) MPF/MFE130 
(f = 60 MHz) MPF/MFE131 
(f = 200 MHz) MPF/MFE131 


Level of Unwanted Signal for 1.0% Cross Modulation 
(Vps = 15 Vdc, Vegas = 4.0 Vde, Ip = 6.0 mAdc) 


Common-Source Conversion Power Gain (Gate 1 Injection, Figure 8) 
| (Vps = 15 Vde, Vegsg = 4.0 Vdc, Local 
Oscillator Voltage = 925 mVrms) 
(Signal Frequency = 60 MHz, Local! Oscillator 
Frequency = 104 MHz) MPF/MFE132 
(Signal Frequency = 200 MHz, Local Oscillator 
Frequency = 244 MHz) MPF/MFE132 


| COMMON-SOURCE ADMITTANCE PARAMETERS 
| (Vps = 15 Vdc, Vgag = 4.0 Vde, Ip = 6.0 mAdc) 


FIGURE 1 — INPUT ADMITTANCE FIGURE 2 — REVERSE TRANSFER ADMITTANCE 
| . 
| 1.4 7.0 0.035 0.035 
: ie a Da De ee Lae (a 
Pas ae a 1 ee ele ee as 
ee ee a a ee ae eae oer Se has Se hel 
Pree (eS NE HO CN SN Pere (a aR Gee ne Pe al 4 a ae 
E i a ee Cae a = 
o ee ee aaa Teh ae (ane al 8 
= a6 a a a ooo Sth aio nose 
= a & 8 ier aed ae: 
ee SE. a ee ees 20 2 Soo = ee ee sais 
omnes Ie ant hae ae ae a a a 8 
ie 3 ae ae) | 
iG pec ime a ae 
30 40 60 80 100 200 300 30 40 60 80 =: 1100 200 300 
f, FREQUENCY (MHz) f, FREQUENCY (MHz) 
FIGURE 3 — FORWARD TRANSFER ADMITTANCE FIGURE 4 — OUTPUT ADMITTANCE 


bts, SUSCEPTANCE (mmhos) 
Gos, INPUT CONDUCTANCE (mmhos) 
bos, INPUT SUCCEPTANCE (mmhos) 


Gfs, FORWARD TRANSFER CONDUCTANCE (mmhos) 


sie 40 60 80 100 200 300 
f, FREQUENCY (MHz) : f, FREQUENCY (MHz) 
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MPF130,131,132, MFE130,131,132 


FIGURE 5 — GAIN REDUCTION FIGURE 6 — CONVERSION POWER GAIN 


\ 


GAIN REDUCTION (dB) 
Gps, CONVERSION POWER GAIN (dB) 


[gl 

a 
|| 
i 
mz 


a 


7 
-2.0 0 +2.0 +4.0 +6.0 +8.0 
VG2, GATE 2 TO GROUND VOLTAGE (VOLTS) 


FIGURE 7 — 60, 105 AND 200 MHz POWER GAIN AND NOISE FIGURE TEST CIRCUIT 
O +15V 


0.1 uF 
150 k 82k T 1.8 wH 


OPTIONAL AGC © 


P ( L2 . 3.0-15 pF 


10k 82k 
ul D f_™ 50 OHM 
ol: bd G2| fos OW, OUTPUT 
50 OHM i G1) [~]s } = 
INPUT , ae 3.0-15 pF = 
C1 7. 
= C2 
3.0-15 pF 
3.0-15 pF 270 0.1 pF 
L1 L2 
0.33 nH 0.47 nH 
a 105 MHz | #16 AWG, 6 1/2 Turns, 1” Long, 1/4” Dia. | =16 AWG, 5 1/4 Turns, 1” Long, 7/16” Dia. 
200 MHz | #16 AWG, 3 1/2 Turns, 0.7” Long, 0.2” Dia. | =16 AWG, 4 1/2 Turns, 0.65” Long, 0.2” Dia. 
All Feedthrough Capacitors 1000 pF 
All Variable Capacitors JOHANSON JMC2951, 3.0-15 pF 
FIGURE 8 — 60 AND 200 MHz CONVERSION GAIN TEST CIRCUIT 
+24 
“LO 
104,244 
MHz 
1 Vrms 
RF 
60,200 
MHz 
60 MHz 10 Turns #22 Enameled 0.33 wH 15 Turns #26 Enameled | 4 Turns #26 Enameled 
on MILLER 4500-4 Core} DELEVAN on MILLER 4500-1 Core} on Same Core as L3 
200 MHz 3 1/2 Turns #18, 1/4” | 21/2 Turns 15 Turns #26 Enameled | 4 Turns #26 Enameled 
Dia., 1/2" Long #18, 3/8" Dia., | on MILLER 4500-1 Core| on Same Coré as L3 
1/2” Long 
All Feedthrough Capacitors 1000 pF. 
All Variable Capacitors JOHANSON JMC 2951, 3.0-15 pF. 
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MPF201 
_MPF202 
MPF203 | MAXIMUM RATINGS 


CASE 317-01, STYLE 1 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C : mWw/°C 


Lead Temperature i a eae ae 
Junction Temperature Range —65 to +150 
Storage Channel Temperature Range —65 to +150 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Drain-Source Breakdown Voltage 


V(BR)DSX 25 Vdc 
(Ip = 10 wAdc, Vs = 0, VGis = VGas = —5.0 Vdc) 


DUAL-GATE MOSFET 
VHF AMPLIFIER 


N-CHANNEL -—~ DEPLETION 


OFF CHARACTERISTICS 


Gate 1 Leakage Current 
+ 0.040 +100 nAdc 
— — 100 pAdc 
(VG2s = +5.0 Vdc, Vais = Vps = 0) 
Hell a 
Sad Gal 
ON CHARACTERISTICS 


Gate 1-Source Breakdown Voltage(1) V(BR)G1SO +6.0 +12 +30 Vde 
(ig1 = +10 mAdc, Vg2s = Vps = 0) . 
Gate 2-Source Breakdown Voltage(1) V(BR)G2SO +6.0 +12 +30 Vdc 
(ig2 = +10 mAdc, VGis = Vps = 9) 
(VG1s = +5.0 Vdc, VG2s = Vps = 0) 
(VG1is = —5.0 Vdc, VG2s = Vps = 0, Ta = 150°C) 
Gate 2 Leakage Current IG2ss 
+100 nAdc 
(VG2s = —5.0 Vde, VGis = Vps = 0, Ta = 150°C) = — 100 pAdc 
Gate 1 to Source Cutoff Voltage VG1S\(off) 
(Vps = 15 Vde, Vegas = 4.0 Vdc, Ip = 20 pAdc) 
Gate 2 to Source Cutoff Voltage VG2S(off) —0.2 
(Vps = 15 Vde, VG1s = 0, Ip = 20 wAdc) 
Zero-Gate-Voltage Drain Current(2) 
(Vps = 15 Vde, VGis = VGas = 4.0 Vdc) MPF201, MPF202 
MPF20@ 
SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance(3) 
(Vps = 15 Vdc, VG2s = 4.0 Vdc, Ve1s = 0, 

f = 1.0 kHz) MPF201, MPF202 

. MPF203 


Input Capacitance 
(Vps = 15 Vdc, Vg2sg = 4.0 Vde, Ip = 
Reverse Transfer Capacitance 
(Vpg = 15 Vdc, Vg2g = 4.0 Vdc, Ip 
Output Capacitance 
(Vpg = 15 Vdc, Vg2g = 4.0 Vde, Ip 
FUNCTIONAL CHARACTERISTICS 
Noise Figure 

(Vpp = 18 Vdc, VGg = 7.0 Vdc, f = 200 MHz) (Figure 1) MPF201 

(Vpp = 18 Vdc, VGG = 6.0 Vdc, f = 45 MHz) (Figure 3) MPF203 


Ipss, f = 1.0 MHz) 


10 mAdc, f = 1.0 MHz) 


Ipss, f = 1.0 MHz) 
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MPF201, MPF202, MPF203 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 


Common Source Power Gain 
(Vpp = 18 Vdc, Vgg = 7.0 Vde, f = 200 MHz) (Figure 1) MPF201 
(Vpp = 18 Vdc, Vgq = 6.0 Vdc, f = 45 MHz) (Figure 3) MPF203 
(Vpp = 18 Vdc, f LO = 245 MHz, fpf = 200 MHz) (Figure 2) MPF202 
Bandwidth 
(Vpp = 18 Vdc, Vgg = 7.0 Vdc, f = 200 MHz) (Figure 1) MPF201 
(Vpp = 18 Vdc, fLo = 245 MHz, frp = 200 MHz) (Figure 2) MPF202 
(Vpp = 18 Vdc, VgG = 6.0 Vdc, f = 45 MHz) (Figure 3) MPF203 


Gain Control Gate-Supply Voltage(4) 
(Vpp = 18 Vdc, AGpg = —30 dB, f = 200 MHz) (Figure 1) MPF201 
(Vpp = = —30 dB, f = 45 MHz) (Figure 3) MPF203 
(1) All gate breakdown voltages are measured while the device is conducting rated gate current. This ensures that the gate-voltage limiting 
network is functioning properly. 
(2) Pulse Test: Pulse Width = 300 us, Duty Cycle < 2.0%. 
(3) This parameter must be measured with bias voltages applied for less than 5 seconds to avoid overheating. 


(4) AGpg is defined as the change in Gpg from the value at VGq = 7.0 volts (MPF201) and VGq = 6.0 volts (MPF203). 
(5) Power Gain Conversion 


FIGURE 1 — 200-MHz TEST CIRCUIT SCHEMATIC 


VGG 
O) 


O+18 V 
0.001 nF 
- ee 
10 k TUT 
D L2 
560 k 0.001 uF Co) To 75-2 
0.001 pF pea 
From 75-82 CS 
Ci 4.0-30 pF, ERIE Variable Ceramic, Set for * 22 pF 
C2 4.0-30 pF, ERIE Variable Ceramic, Set tor = 10 pF 
1 4 Turns, #14 AWG Cooper, 1/4" 1.D., 1/6’’ Pitch 
L2 3 Turns, #14 AWG Cooper, 1/4’ |.0., 1/8" Pitch 
RFC DELEVAN No. 153712, 1.0uKH 
FIGURE 2 — 200-MHz-to-45-MHz TEST CIRCUIT SCHEMATIC 
245-MHz 
Local Oscillator 
Input(1) 
2.2 pF 
From 50-22 
Source 
45-MHz 
IF Output 
200-MHz Co ) 
16T 
RF tnput ee 
From 75-Q To 75-2 
Source Load 
O+18 V 


C1 1.5-7.0 pF, ERIE Variable Ceramic, Set for = 4.7 pF 


(1) Amplitude at Input from Local Oscillator ~ 3 V RMS 
. 1 4 Turns, #14 AWG Copper, 1/4". 1.D., 1/6” Pitch 
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FIGURE 3 — 45-MHz TEST CIRCUIT SCHEMATIC 


12 pF 
9.1k Co ) To 50-2 
VGG Load 
® 3.0 k 
: L2 
5.6 pF . } 
From 50-Q ¢ : 0.001 uF 
Source . 
: d 
. 0.001 uF 
a @ 
® 
: 120 
1 : 
: 
e 
F e 
. 
| a 
' 8 
! e 
® 
e 
= O+18 V 
L141 14 Turns, #30 AWG Copper, Close-Wound 7/32'' OD form with 
ARNOLD ENGINEERING “J” Tuning Core 
L2 10 Turns, #30 AWG Copper, Close-Wound 7/32’ OD form with 
ARNOLD ENGINEERING ‘‘J’’ Tuning Core 
TYPICAL CHARACTERISTICS © 
FIGURE 4 — DRAIN CURRENT versus FIGURE 5 — DRAIN CURRENT versus GATE-ONE to 
DRAIN to SOURCE VOLTAGE SOURCE VOLTAGE 
28 
Pa ee hee ee ee a 
oi ae ee 
P| VG as=+40V 
2 = 20 == a 
£ =r —— a ee ee ae 
: a a nD a 
: ee ea ah eae 
z =a ee ea a Hiv tf 
2 = eae es a 
fo af OQ | 
Q . 8.0 
3 oT a 


< 
@ 
nN 
n 
u 
mn 
—) 
< 


2.0 
1.0 A I 
0 2.0 40 60 8680 10 12 14 16 18 20 -1.5 -1.0 -0.5 0 +0.5 +1.0 
Vos, ORAIN-TO-SOURCE VOLTAGE (VOLTS) VG1s, GATE-ONE-TO-SOURCE VOLTAGE (VOLTS) 
FIGURE 6 — SMALL-SIGNAL COMMON-SOURCE GATE-ONE FIGURE 7 — SMALL-SIGNAL COMMON-SOURCE GATE-ONE 
FORWARD TRANSFER ADMITTANCE versus FORWARD TRANSFER ADMITTANCE versus 
DRAIN CURRENT GATE-ONE to SOURCE VOLTAGE 


vege [Te 


1088 * =12.8mA —— 
eo fe io. 


MITTANCE (mmho) 


7) 

& 

E 

€ 

ws 

= 

10 é 
S80 WE AEE 
/ St Hf \ cx 
+o MA \ } ra 
rs i ey ae Ne tre 3 
= : ESS =1.0V <x 
a 5.0 = 
= 4.0 a 
= 30 = 
3 2.0 = 
= 


2 0 — 
= 90 20 40 60 80 0 #12 #4 «2=#16 «+18 20 
Ip, DRAIN CURRENT (mA) VG1s, GATE-ONE to SOURCE VOLTAGE bids 
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FIGURE 8 — SMALL-SIGNAL COMMON-SOURCE GATE-ONE 
FORWARD TRANSFER ADMITTANCE versus 
GATE-TWO to SOURCE VOLTAGE 


+ 
Vos=15V 
- Ipss =12.8mA 


iYfs, FORWARD TRANSFER ADMITTANCE (mmho) 


VG2s, GATE-TWO to SOURCE VOLTAGE (VOLTS) 


FIGURE 10 — COMMON-SOURCE POWER GAIN AND 
SPOT NOISE FIGURE versus DRAIN CURRENT 


Dio en 
7 
aa a Adjusted Vg1s for Ip 

ipss = 12.8 mA 


NF, NOISE FIGURE (dB) 
Gps, POWER GAIN (dB) 


0 20 40 6. 8.0 10 12 14 16 18 20 


Ip, ORAIN CURRENT (mA) 


FIGURE 12 — SMALL-SIGNAL COMMON SOURCE 
INSERTION POWER GAIN versus GAIN CONTROL 
GATE-SUPPLY VOLTAGE — MPF203 


Vop = 18 V- 

f = 45 MHz 
Circuit in Figure 3 
BW = 4.5 MHz 

ioss = 12.8 mA 


Gps, POWER GAIN (dB) 


-3.0 -2.0 -1.0 0 +10 +20 +30 +40 +50 +60 +70 
VGG(GC). GAIN CONTROL GATE SUPPLY VOLTAGE (VOLTS) 


Gps, POWER GAIN (dB) 


Gps(conv), CONVERSION POWER GAIN (dB) 


Cigs, INPUT CAPACITANCE (pF) 
Coss, OUTPUT CAPACITANCE (pF) 


tt 


FIGURE 9 — SMALL-SIGNAL COMMON-SOURCE GATE-ONE 
INPUT AND OUTPUT CAPACITANCE versus 
GATE-TWO-to-SOURCE VOLTAGE 


| 
CEC 
can 


abs ea ae 

P or acy 

en aes 

aa ae el 

Ee 
= 

3.0 a 

= 

as 
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al 
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Gaal 
PUTT 


5.0 -40 -30 -20 -10 0 +10 +20 +30 +40 +50 
VG2s, GATE-TWO-to-SOURCE VOLTAGE (VOLTS) 


FIGURE 11 — COMMON-SOURCE POWER GAIN AND 
SPOT NOISE FIGURE versus GAIN CONTROL 
GATE-SUPPLY VOLTAGE — MPF201 


Vop = 18 Vdc 0 
f = 200 MHz 
Circuit in Figure 1 


BW = 7.0 MHz 0 
— Ipss = 12.8 mA 


o 


NF, NOISE FIGURE (dB) 


o 


-3.0 -2.0 -1.0 0 +10 +20 +30 +40 +50 +60 +70 


VGG(GC), GAIN CONTROL GATE SUPPLY VOLTAGE (VOLTS) 


FIGURE 13 — SMALL-SIGNAL COMMON-SOURCE 
CONVERSION POWER GAIN versus 
LOCAL OSCILLATOR INPUT VOLTAGE — MPF202 


Vpp =18V 
fre = 200 MHz 
fLoO = 245 MHz 
Circuit in Figure 2 
BW = 6.0 MHz 


Ipss = 12.8 mA 


Vrms, LOCAL OSCILLATOR INPUT VOLTAGE (VOLTS) 
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FIGURE 14 — SMALL-SIGNAL GATE ONE FORWARD FIGURE 15 — SMALL-SIGNAL GATE ONE INPUT 
TRANSFER ADMITTANCE versus FREQUENCY ADMITTANCE versus FREQUENCY 
E = Ee Shed OE emcee. < hhe ea kG 
eye | Voss 18V i 
= eae COE 
5 Dp = 10 mA me es 
Ss 10 , — a = 
oO <= 
= i= 
ve E 
z 5.0 o 
Ez, aa E 
eet tt] [A FT = 
S50 @ = 
us > 
2 2 
ec ~-10 3 
S a 
= -15 
g ee 
° 10 40 100 300 500 1000 40 60 100 200 300 500 
_ f, FREQUENCY (MHz) f, FREQUENCY (MHz) 


FIGURE 16 — SMALL-SIGNAL GATE ONE OUTPUT 
ADMITTANCE versus FREQUENCY 


os, INPUT ADMITTANCE (mmbhos) 
—] 
(SoywW) JINVILINOY LNdNt ‘S°q 


g 
S 
fm] 
i) 


0.01 


100 200 300 500 
f, FREQUENCY (MHz) 


FIGURE 17 — S PARAMETERS PLOTTED 
ON 50 OHM SMITH CHART 


Vps 15V 
VG2S 4.0 V 
Ip 10 mA 
S11 S22 
MOTOROLA SEMICONDUCTORS _ SMALL-SIGNAL DEVICES 


6-154 


MPF211. 
MAXIMUM RATINGS M PF2 1 2 
MPF213 


CASE 317-01, STYLE 1 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 1:2 Watt 
Derate above 25°C 8.0 mW/°C 
Lead Temperature, 1/16” From Seated TL °C 
Surface for 10 Seconds 
Junction Temperature Range —65 to +150 
Storage Channel Temperature Range —65 to +150 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
(VGis = VG2s = —4.0 Vde, Ip = 10 wAdc) MPF211,212 
- MPF213 


DUAL-GATE MOSFET 
VHF AMPLIFIER | 


N-CHANNEL — DEPLETION 


Instantaneous Drain-Source Breakdown Voltage(1) : 
(VGis = VG2s = —4.0 Vde, Ip = 10 wAdc) MPF211,212 
MPF213 


Gate 1-Source Breakdown Voltage(2) 
(VG2s = Vps = 0, IG1 = +10 mAdc) 


Gate 2-Source Breakdown Voltage(2) 
(VG1s = Vps = 0, |G2 = +10 mAdc) 


Gate 1 Leakage Current 
(VG1s = +5.0 Vde, VG2s = Vps = 0) 
(VGis = —5.0 Vdc, VG2s = Vps = 0, Ta 


Gate 2 Leakage Current 
(VG2s = +5.0 Vdc, VGis = Vps = 0) 
(VG2s = —5.0 Vdc, VGis = Vps = 0, Ta = 150°C) 
Gate 1 to Source Cutoff Voltage 
(Vps = 15 Vdc, Vegas = 4.0 Vde, Ip = 2.0 wAdc) — MPF211,213 
2 MPF212 
Gate 2 to Source Cutoff Voltage 
(Vps = 15 Vdc, Va1s = 0, Ip = 20 wAdc) MPF211 
MPF212,213 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(3) 
(Vps = 15 Vde, V61s = 0, VG2s = 4.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance(4) 
(Vps = 15 Vde, Vgasg = 4.0 Vdc, VGis = 0, f = 1.0 kHz) MPF211,212 


Reverse Transfer Capacitance 
(Vps = 15 Vde, VG2sg = 4.0 Vdc, Ip = 10 mAdc, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vpp = 18 Vdc, Vgg = 7.0 Vdc, f = 200 MHz) (Figure 1) MPF211 
(Vpp = 24 Vdc, VGg = 6.0 Vdc, f = 45 MHz) (Figure 2) MPF211,213 
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cen hale 


PPE ce a aca is Sita BPN K Bi cB Boch 


MPF211, MPF212, MPF213 


ELECTRICAL CHARACTERISTICS ieoatinued) (Ta = 25°C unless otherwise noted.) 


ee en ee ee 


Common Source Power Gain 


(Vpp = 18 Vdc, VGg = 7.0 Vdc, f = 200 MHz) (Figure 1) MPF211 
(Vpp = 24 Vdc, VGG = 6.0 Vde, f = 45 MHz) (Figure 2) MPF211 
(Vpp = 24 Vdc, VGg = 6.0 Vde, f = 45 MHz) (Figure 2) MPF213 


(Vpp = 18 Vdc, fLo = 245 MHz, fre = 200 MHz) (Figure 3) 


Bandwidth 
(Vpp = 18 Vdc, VGg = 7.0 Vdc, f = 200 MHz) (Figure 1) MPF211 
(Vpp = 18 Vdc, fig = 245 MHz, fre = 200 MHz) (Figure 3) |= MPF212 
(Vpp = 24 Vdc, VGgG = 6.0 Vdc, f = 45 MHz) (Figure 2) MPF211,213 


Gain Control Gate-Supply Voltage(5) 
(Vpp = 18 Vdc, AGps = —30 GB, f = 200 MHz) (Figure 1) MPF211 
(Vpp = 24 Vdc, AG ~—30 dB, f = 45 MHz) (Figure 2) MPF211,213 


(1) Measured after five seconds of applied voltage. 

(2) All gate breakdown voltages are measured while the device is conducting rated gate current. This ensures that the gate 
voltage limiting network is functioning properly. 

(3) Pulse Test: Pulse Width = 300 us, Duty Cycle < 2.0%. 

(4) This parameter must be measured with bias voltages applied for less than 5 seconds to avoid overheating. The signal is applied to 
Gate 1 with Gate 2 at ac ground. 

(5) AGps is defined as the change in Gps from the value at VGG = 7.0 Volts (MPF211) and VGG = 6.0 Volts (MPF213). 

(6) Power Gain Conversion. Amplitude at input from local oscillator is adjusted for maximum Ge. 


MPF212 


FIGURE 1 — 200 MHz POWER GAIN, GAIN CONTROL VOLTAGE, AND NOISE FIGURE TEST CIRCUIT 


VGG VpD 


Shield .001 


Sa Se a 3 Se ee 


From 50 0 
Source 


ik — 


Ly 2% T #18, Ya" diameter center tapped 
Lo 3% T #18, %e” diameter tapped %2T from cold end 
C = pF unless otherwise specified 


FIGURE 2 — 45-MHz POWER GAIN AND NOISE FIGURE TEST CIRCUIT 


VGG Vpp 
© 


From 50 2 
Source 


C1: Leadless disc ceramic, 0.001 uF L1: 8 Turns #28, 5/32’ diameter form, type ‘‘J’’ slug 
C2: Leadless disc ceramic, 0.01 UF L2: 9 Turns #28, 5/32"' diameter form, type ‘’J"’ slug 
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FIGURE 3 — 200-MHz-to-45-MHz CIRCUIT FOR CONVERSION POWER GAIN 


Vpb 
@. 


ena To 50 0 
z 
250 mV Load 
50 2 

200 MHz 

50 Q 
L1: 7 Turns #34, 1/4’’ diameter aluminum slug C1: Arco type 462, 5-80 pF T1: Pri: 25 Turns #30, close wound on 1/4” 
L2: 5-1/2 Turns #20, 1/4’ diameter aluminum slug C2: 0.001 uF leadless disc diameter form, type ‘’J’’ slug 
L3: 7 Turns #24, 1/4’ diameter air core C3: 0.01 uF leadiess disc Sec: 4 Turns #30, centered over primary 

TYPICAL CHARACTERISTICS 
FIGURE 4 — DRAIN CURRENT versus FIGURE 5 — DRAIN CURRENT versus 
DRAIN-TO-SOURCE VOLTAGE GATE ONE-TO-SOURCE VOLTAGE 
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SMALL-SIGNAL COMMON-SOURCE PARAMETER — GATE ONE 


FIGURE 6 — FORWARD TRANSFER ADMITTANCE FIGURE 7 — FORWARD TRANSFER ADMITTANCE 
versus GATE TWO-TO-SOURCE VOLTAGE versus GATE ONE-TO-SOURCE VOLTAGE 
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FIGURE 9 = INPUT AND OUTPUT CAPACITANCE 
versus GATE TWO-TO-SOURCE VOLTAGE 


FIGURE 8 — FORWARD TRANSFER ADMITTANCE 
versus DRAIN CURRENT 
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f, FREQUENCY (MHz) 


MOTOROLA SEMICONDUCTORS 


MPF211, MPF212, MPF213 


FIGURE 14 — RELATIVE SMALL-SIGNAL POWER GAIN FIGURE 15 — COMMON SOURCE SPOT NOISE FIGURE 
versus versus 
GAIN CONTROL GATE SUPPLY VOLTAGE GAIN CONTROL GATE SUPPLY VOLTAGE 
MPF211 MPF211 


A Bey Ss 


Gps, RELATIVE POWER GAIN (dB) 
w 
i) 
NF, NOISE FIGURE (dB) 
Lea) 


Voo =18V 
f = 200 MHz 
CIRCUIT IN FIGURE 1 


: -6.0 4.0 -2.0 0 2.0 4.0 6.0 8.0 10 0 -1.0 0 10 20 30 40 50 60 70 80 
VGG(GC) — GAIN CONTROL GATE SUPPLY VOLTAGE (VOLTS) VGG(GC), GAIN CONTROL GATE SUPPLY VOLTAGE (VOLTS) 
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FIGURE 16 — SMALL-SIGNAL COMMON-SOURCE 
INSERTION POWER GAIN versus GAIN CONTROL 
GATE SUPPLY VOLTAGE FIGURE 17 — OPTIMUM SPOT NOISE FIGURE 
MPF211, 213 versus FREQUENCY 
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FIGURE 18 — INPUT/OUTPUT IMPEDANCE 


Vps = 15V 
Vg2s5 = 40V 
Ip = 15mA 
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| MPF230 
| MPF231. 
MPF232 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Symbol 
Drain-Gate Voltage 


Total Device Dissipation @ Ta = 25°C 310 mW 
Derate above 25°C 2.82 mW/°C 


Storage Temperature Range —65 to + 150 
Refer to 2N4220 for graphs. : . 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol! | Min | Max | Unit | 


JFET 
LOW NOISE AMPLIFIER 


N-CHANNEL — DEPLETION 


| 
| 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
| (Ig = —1.0 BA) 


| : Gate Reverse Current 
(Vgg = —30 V) 


Gate Source Cutoff Voltage VGS(off) 
(Vps = 20 V, Ip = 1.0 pA) MPF230 
MPF231 
MPF232 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vps = 20 V) MPF230 
MPF231 
MPF232 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = 20 V, f = 1.0 kHz) . MPF230 


MPF231 
MPF232 


FUNCTIONAL CHARACTERISTICS 


Equivalent Short-Circuit Input Noise Voltage nV/V Hz 
(Vps = 10 V, f = 10 Hz) 


*Pulse Width < 2.0 msec. 
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MPF256 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


JFET. 
AMPLIFIER 


N-CHANNEL — DEPLETION 


Reverse Gate-Source Voltage 


Forward Gate Current 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


pC Characteristic | Symbot | min | typ | Max | Unit _| 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage V(BR)GSS Vde 
(Ig = 10 wAdec, Vps = 0) 

Gate Reverse Current nAdc 
(VGs = 15 Vde, Vps = 0) 

Gate Source Cutoff Voltage VGS(off) 7.5 Vdc 
(Vps = 15 Vde, Ip = 200 wAdc) 

ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vps = 15 Vdc, Ves = 0) ie 3 Red 
Green 
Violet 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 

(Vps = 15 Vdc, Vgg = 0, f = 1.0 kHz) 
Input Capacitance 

(Vps = 15 Vde, Ip = 10 mAdc, f = 1.0 MHz) 
Reverse Transfer Capacitance 

(Vps = 15 Vde, Ip = 10 mAdc, f = 1.0 MHz) 
Output Capacitance 

(Vps = 15 Vde, lp = 10 mAdc, f = 1.0 kHz) 
FUNCTIONAL CHARACTERISTICS 
Noise Figure 


(Vps = 15 Vdc, Rg = 50 Ohms) 100 MHz 
400 MHz 


Common Source Power Gain 
(Vps = 15 Vdc, Rg = 50 Ohms) 100 MHz 
400 MHz 


*To characterize these devices to narrower limits, the entire production lot is tested and divided into color-coded groups, with each color 
dot representing an Ipss range. 


When packaged for shipment, the colors are randomly selected and no specific color distribution is implied or guaranteed. 
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MPF521 


CASE 317-01, STYLE 1 


MAXIMUM RATINGS 
Drain-Source Voltage 


Drain-Gate Voltage VDG1 | oe Vdc 
VDG2 


ee ae 


IG2F 
Total Device Dissipation @ Ta = 25°C 300 mW 
Derate above 25°C 1.71 mW/°C 
Operating Channel Temperature 150 
Lead Temperature, 1/16” From Seated TL 200 °C 
Surface for 10 Seconds 
Storage Channel Temperature Range —65 to +150 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


MOSFET 
DUAL GATE 
VHF AMPLIFIER TRANSISTOR 


N-CHANNEL — ENHANCEMENT 


OFF CHARACTERISTICS — 


‘VG1S(TH) 
VG2S(TH) 


2.5 Vde, f = 1.0 MHz) 


2.5 Vde, f = 1.0 MHz) 


Gate 1-Source Breakdown Voltage V(BR)G1SO 15 Vde 
(VG2 = Vps = 0, 1G1 = 10 wAdc) | 
Gate 2-Source Breakdown Voltage V(BR)G2SO 12 Vdc 
(VG1s = Vos = 0, |G2 = 10 wAdc) 
Gate 1 Reverse Leakage Current IG1Ss nAdc 
_ (VG1s = 5.0 Vdc, Vg2s = Vps = 0) 
Gate 2 Reverse Leakage Current nAdc 
(VG2s = 5.0 Vde, VGis = Vps = 0) 
Drain-Source Breakdown Voltage V(BR)DS Vde 
(VG2 = 0, Ip = 10 wAdc) 
ON CHARACTERSTICS 
Gate-Source Threshold Voltage Vdc 
(VG2s = 10 Vdc, Ip = 10 wAdc, Vps = 15 V) 1.2 
(VG1s = 4.0 Vdc, Ip = 10 wAdc, Vps = 15 V) 1.0 
Gate-Source On Voltage _.. VG1S(on) 2.6 Vde 
(Vps = 15 Vde, VGas = 10 Vdc, Ip = 10 mAdc) 
“On” Drain Current 15 mAdc 
(Vps = 15 Vde, Vg2sg = 10 Vdc, VGis = 3.0 Vde) 
SMALL-SIGNAL CHARACTERISTICS 
Forward Transfer Admittance(1) mmhos 
(Vps = 15 Vde, Vg2g = 10 Vde, Ip = 10 mAdc, f = 1.0 kHz) lY¢s| 12 
' (Vps = 15 Vdc, Vg2sg = 10 Vde, Ip = 10 mAdc, f = 200 MHz) Yfs 10.57-j6.86 
Input Admittance(1) Vis 0.524 + j4.27 mmhos 
(Vps = 15 Vde, VG2sg = 10 Vdc, Ip = 10 mAdc, f = 200 MHz) 
Reverse Transfer Admittance(1) . Yrs -1.7-j9.8 pmhos 
(Vps = 15 Vde, VG2g = 10 Vdc, Ip = 10 mAdc, f = 200 MHz) 
Output Admittance(1) lYos| 0.126+j1.79 mmhos 
(Vps = 15 Vdc, VG2g = 10 Vde, Ip = 10 mAdc, f = 200 MHz) 
Input Capacitance Ciss pF 
(Vps = 15 Vde, VGas = 10 Vdc, VG 
Reverse Transfer Capacitance Crss pF 
_ (Vps = 15 Vde, Vg2g = 10 Vde, VG1 
Output Capacitance Coss 1.1 2.5 pF 
(Vps = 15 Vdc, Vg2s = 10 Vde, Vai 
MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


2.5 Vde, f = 1.0 MHz) 
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MPF521 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


TC haractoatic «| Symi | in | tw | Mee (Un 


FUNCTIONAL CHARACTERISTICS 


Noise Figure (Figures 1 and 9) 
(Vps = 15 Vde, Vgg = 10 V, f = 200 MHz) 


Common Source Power Gain (Figures 1 and 9) 
(Vps = 15 Vde, VgGg = 10 V, f = 200 Mkz, 
BW = 7.0 MHz (Min)) 


(1) All y-parameters are with respect to Gate 1. 


FIGURE 1 — 200 MHz NOISE FIGURE AND POWER GAIN TEST CIRCUIT 


O Vop 
1200 pF 
L2 = 
Veg 1.0-10 pF 
Output 
560 k 50 2 
1.0-10 pF 1. 4.0-20 pF 
Input @ 
son ik 
(+3 mV RMS) 1.0-10 pF - : 
7 ~ 1200 pF 
1000 pF 
L1—3 Turns #18 AWG, 1/4” O.D. 
L2 — 2 Turns #18 AWG, 1/4" 0.0. 51k 
BW ~ 8 MHz => = = 
Ip = 11MA Vpp = 15 V 
V6Gc = 10 Vv 
TYPICAL CHARACTERISTICS 
FIGURE 2 — DRAIN CURRENT versus DRAIN to FIGURE 3 — DRAIN CURRENT versus GATE-ONE to 
SOURCE VOLTAGE SOURCE VOLTAGE 


= z 
> e 
= z 
« . 
3 3 
z 2 
= < 
3 = 
3 a a 
© 6. 2 8. 
pepe ee | See 4aan 
TS 
0 20 428 6.0 8.0 10 12 14 16 18 20 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Veis, GATE-ONE TO SOURCE VOLTAGE (VOLTS) 
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MPF521 


FIGURE 4 — SMALL-SIGNAL COMMON-SOURCE GATE-ONE © : 
_ FORWARD TRANSFER ADMITTANCE versus GATE-ONE to FIGURE 5 — SMALL-SIGNAL COMMON-SOURCE GATE-ONE 
SOURCE VOLTAGE . FORWARD TRANSFER ADMITTANCE versus DRAIN CURRENT 


Vos=15V 
f= 1.0 kHz 


‘Ytsi, FORWARD TRANSFER ADMITANCE (mmho) 
Yfs:, FORWARD TRANSFER ADMITTANCE (mmho) 


| FIGURE 6 — SMALL-SIGNAL COMMON-SOURCE GATE-ONE 
INPUT AND OUTPUT CAPACITANCE versus GATE-TWO to ; FIGURE 7 ~ COMMON SOURCE POWER GAIN versus 
SOURCE VOLTAGE DRAIN SUPPLY CURRENT 


Voo = 15V 

f = 200 MHz 
Circuit in Figure 1 
Bandwidth = 6.0 MHz- 


Gps, POWER GAIN (dB) 


Ciss, INPUT CAPACITANCE (pF) 
Coss, OUTPUT CAPACITANCE (pF) 


0 
0 10 20 30 40 50 60 70 80 90 10 
Vg2s - GATE-TWO-TO-SOURCE VOLTAGE (VOLTS) Ipp, DRAIN SUPPLY CURRENT (mA) 


FIGURE 9 — COMMON SOURCE POWER GAIN AND 


FIGURE 8 — COMMON SOURCE POWER GAIN AND SPOT NOISE FIGURE versus GAIN CONTROL 
SPOT NOISE FIGURE versus DRAIN CURRENT GATE-SUPPLY VOLTAGE 
| A Vt ceca re (en Ua Vis ea ee Mee ne ee 
| a ee 0=18V 
, Beg fiGns ea eae eo). a Circuit in Figure 1 
! oS fh et cI ee oe a Bandwidth = 8.0 MHz 
: ae ee ee ies a é 
| aoe Ce Ge Ae c 
| 36 “4 3 
, se = 
sey a : 
ae ee 
oa Ninel 
| a 
2 ee ee ee : 
0 $10 20 30 40 50 60 70 80 90 10 11 #12 13 «14 0 1.0 20 30 4.0 5.0 6.0 7.0 8.0 90 10 
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FIGURE 11 — SMALL-SIGNAL COMMON SOURCE 


FIGURE 10 — SMALL-SIGNAL GATE ONE GATE ONE FORWARD TRANSFER 
INPUT ADMITTANCE versus FREQUENCY ADMITTANCE versus FREQUENCY 
50 5.0 : 
ee % (ee ee 
of. Vos = 15 V a aan 30S 8 vgrev LTT _ oe 
B 5 _|.VG2s = Ov Ret a a a ae Vendy Sef = GESGE 
< 20 Ip = 10 mA Bike aa a 2.0 a wy 10 G2s ~ pt eae 
E = z 
oo ee ee iS: es Ea 
2 ER eae aa es Seca OE 0 
Eck oe oe ee cafes ee Se ee 
z Se 
< a0 oe goof +t ie 
= 20 oe sO es 
im erey atria SBR a 
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1.0 va 01 ~ = 
0.7 — 0.07 © -15 
05 as fees 0.05 = | 
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f, FREQUENCY (MHz) f, FREQUENCY (MHz) 
FIGURE 12 — SMALL-SIGNAL COMMON SOURCE 
OUTPUT ADMITTANCE versus FREQUENCY 
10 : 1.0 
= 7.0 0.7 
= 5.0 ~] 
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2 20 025 
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FIGURE 13 — INPUT/OUTPUT IMPEDANCE 
Vop = 18V S22 
Vgg = 10V 
Ip = 10 mA 
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MPF820 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


icaiitia wacom °° SN el SE 
Ee ee] a 
[orsnaevotase LT vog | a5 | vee 
[Reverse Gate-Source Voltage ———~| _Vasn | 28 «de 


Total Device Dissipation @ Ta = 25°C mw 
Derate above 25°C mWw/°C 
Operating and Storage Junction Ty, Tstg —65 to +150 °C 
Temperature Range 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Gate-Source Breakdown Voltage V(BR)GSS Vdc 
(Ig = 10 Ade, Vpsg = 0) . 
Gate Reverse Current IGss nAdc 
(VGs = 15 Vde, Vps = 0) 
Gate Source Cutoff Voltage VGS(off) 
(Vps = 15 Vde, Ip = 200 wAdc) . 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain \ mAdc 
(Vps = 15 Vdc, Vgg = 0) 
SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = 15 Vde, Vgs = 0, f = 1.0 kHz) 


Input Capacitance 
(Vps = 15 Vde, Ip = 10 mAdc, f = 1.0 MHz) 


Reverse Transfer Capacitance . 
(Vps = 15 Vde, Ip = 10 mAdc, f = 1.0 MHz) 


Common-Gate Input Conductance 
(Vps = 15 Vde, Ip = 10 mAdc, f = 100 MHz) 


Common-Gate Output Conductance 
(Vps = 15 Vde, Ip = 10 mAdc, f = 100 MHz) 


Common-Gate Forward Transadmittance 
(Vps = 15 Vde, Ip = 10 mAdc, f = 100 MHz) 


Common-Gate Reverse Transadmittance 
(Vps = 15 Vde, Ip = 10 mAdc, f = 100 MHz) 


| Output Capacitance 
i (Vps = 15 Vde, Ip = 10 mAdc, f = 1.0 kHz) 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vps = 15 Vde, Ip = 10 mAdc, See Figure 5) 


| JFET 
| RF AMPLIFIER 


N-CHANNEL — DEPLETION 


OFF CHARACTERISTICS 


Small-Signal Power Gain 
(Vps = 15 Vde, Ip = 10 mAdc, See Figure 5) 


eS. 
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FIGURE 71 — NOISE FIGURE FIGURE 2— FORWARD TRANSADMITTANCE 
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RG, SOURCE RESISTANCE (KILOHMS) Ip, DRAIN CURRENT (mA) 


FIGURE 4 —OUTPUT AND REVERSE 
FIGURE 3 — INPUT CAPACITANCE TRANSFER CAPACITANCE 
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Ves, GATE-SOURCE VOLTAGE (VOLTS) Ip, DRAIN CURRENT (mA) 


FIGURE 5 — 100 MHz TEST CIRCUIT 


1.0-18 pF 
g TUT 9g 


¢ 4 OUTPUT 
Rs = 502 
7 stad #18 AWG 


3/16 


ap Be Ve 
3/18” WINDING LENGTH 8 TURNS, #22 AWG 


§/32’’ 1.0., C. T. 
5/16” WINDING LENGTH 
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MPF930 
MPF960 
MPF990 


MAXIMUM RATINGS | 


Drain Current | 
Continuous (1) 
Pulsed (2) 


Total Device Dissipation 
@ Ta = 25°C 
Derate above 25°C 


Operating and Storage Junction Ty, Tstg —55 to 150 °C | 
TMOS Temperature Range 
SWITCHING Thermal Resistance | a | 5 | ecw 


N-CHANNEL — ENHANCEMENT (1) The Power Dissipation of the package may result in a lower continuous drain 
current. 
(2) Pulse Width < 300 us, Duty Cycle < 2.0%. 


CASE 29-03, STYLE 22 
TO-226AE 


Refer to MFE930 for graphs. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


__ Characteristic | Symbol | Min | Typ | Max | Unit _ 
MPF960 


V(BR)DSX Vde 
35 
60 
MPF990 90 


Gate Reverse Current (VGs = 15 Vdc, Vps = 0) . Ii6ss | 50 | nade | 


ON CHARACTERISTICS* 
| Zero-Gate-Voltage Drain Current (Vpg = Maximum Rating Vag = 0) | ipss_— | =~ — | SO — || ade | 
Vde. 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
(VGs = 0, ID = 10 pA) MPF930 


Gate Threshold Voltage (Ip = 1.0 mA, Vps = V6s) ‘ VGS(Th) | 10 | — | 35 | 


Drain-Source On-Voltage (VGs = 10 V) VDS(on) Ei 
MPF960 


(Ip = 0.5 A) 
DS(on) Ohms 
0.9 1.4 
1.2 1.7 
MPF990 1.2 


On-State Drain Current (Vps = 25 V, Vgs = 10 V) | Ipion) | 1.0 =| 20 | 


SMALL-SIGNAL CHARACTERISTICS 


MPF930 
MPF960 
MPF990 


(Ip = 1.0 A) MPF930 
MPF960 
MPF990 


(Ip = 2.0 A) MPF930 
MPF960 
MPF990 


Static Drain-Source On Resistance 
(VGs = 10 Vdc, Ip = 1.0 Adc) MPF930 


Forward Transconductance (Vps = 25 V, Ip = 0.5 A) 
SWITCHING CHARACTERISTICS 


Turn-On Time | ea fort ca 200) AB. | ne 
Turn-Off Time | ee ee ee 


_ *Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MPF970 
MPF971 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 
Rating 


JFET 
SWITCHING 


P-CHANNEL — DEPLETION 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Gate-Source Breakdown Voltage V(BR)GSS Vdc 
(Ig = 1.0 pAdc, Vps = 0) 
Gate Reverse Current IGss 
1.0 nAdc 
1.0 pAdc 


OFF CHARACTERISTICS 


(VGg = 15 Vdc, Vp 
(Vgg = 15 Vde, Vp 


nw 
| 


Drain-Cutoff Current ID(off) 
(Vps = 15 Vde, Vgsg = 12 Vdc) MPF970 
(Vps = 15 Vde, Vgs = 12 Vde, Ta = 150°C) MPF970 
(Vps = 15 Vdc, VGsg = 7.0 Vdc) MPF971 
(Vps = 15 Vde, Vgs = 7.0 Vde, Ta = 150°C) MPF971 


Gate Source Cutoff Voltage 
(Vps = 15 Vde, Ip = 10 nAdc) MPF970 
MPF971 


VGS(off) 
5.0 
1.0 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(1) 
(Vps = 20 Vdc, Vgs = 0) MPF970 
MPF971 


Drain-Source On-Voltage 
(Ip = 10 mAdc, Ves = 0) 
(Ip = 1.5 mAdc, Vgs = 0) 


Static Drain-Source On Resistance 
(Ip = 1.0 mAdc, Ves = 0) MPF970 
: MPF971 


SMALL-SIGNAL CHARACTERISTICS 


Drain-Source ““ON” Resistance 
(VGés = 0, Ip = 0, f = 1.0 kHz) MPF970 
MPF971 


Input Capacitance 


(VGs = 12 Vde, Vps = 0, f = 1.0 MHz) MPF970 
(VGs = 7.0 Vdc, Vps = 0, f = 1.0 MHz) MPF971 


Reverse Transfer Capacitance 
(VGs = 12 Vde, Vps = 0, f = 1.0 MHz) MPF970 
(VGg = 7.0 Vdc, Vps = 0, f = 1.0 MHz) - MPF971 
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MPF970, MPF971 


ELECTRICAL CHARACTERISTICS one (Ta = 25°C unless otherwise noted.) 


etn | te [|e ao 
. SWITCHING CHARACTERISTICS (See Figure 6, Rx = 0) (1) 
Rise Time 


(Ip(on) = 10 mAdc, VGS(off) = 12 Vdc) MPF970 
(Ip(on) = 1.5 mAdc, VGS(off) = 7-0 Vdc) MPF971 


. Fall Time 
(ID(on) = 10 mAdc, VGS(off) = 12 Vdc) MPF970 
(Ip(on) = 1.5 mAdc, VGS(off) = 7.0 Vdc) MPF971 


Turn-On Time ’ 
(Ip(on) = 10 mAdc, VGS(off) = 12 Vdc) MPF970 
(IpD(on) = 1.5 mAdc, VGsi(off) = 7.0 Vdc) MPF971 
Turn-Off Time 
(Ip(on) = 10 mAdc, VGSioff) = - 12 Vde) MPF970 
(IpD(on) = 1.5 mAdc, VGS(off) = 7-0 Vdc) MPF971 
(1) Pulse Test: Pulse Width < 100 us, Duty Cycle < 1.0%. 


FIGURE 1 — EFFECT OF Ipss ON DRAIN-SOURCE 
RESISTANCE AND GATE-SOURCE VOLTAGE 
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FIGURE 2 — TURN-ON DELAY TIME FIGURE 3 — RISE TIME 
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MPF970, MPF971 


FIGURE 4 — TURN-OFF DELAY TIME 
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FIGURE 6 — SWITCHING TIME TEST CIRCUIT 
? -VOD 


SET VpS(off) = - 10 V 
“~ 
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tr<0.25 ns Reg> RK = 
tf<0.5 ns Rp’ = Ro(RT+50) 
PULSE WIDTH = 2.0 ys Rot+RT+50 
DUTY CYCLE< 2.0% 


FIGURE 7 — TYPICAL FORWARD TRANSFER ADMITTANCE 
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C, CAPACITANCE (pF) 


FIGURE 5 — FALL TIME 


tt, FALL TIME (ns) 


5.0 7.0 


10 


Ip, DRAIN CURRENT (mA) 


NOTE 1 

The switching characteristics shown above were measured using a 
test circuit similar to Figure 6. At the beginning of the switching 
interval, the gate voltage is at Gate Supply Voltage (+VGqG). The 
Drain-Source Voltage (Vps) is slightly lower than Drain Supply 
Voltage (Vpp) due to the voltage divider. Thus Reverse Transfer 
Capacitance (C;<,) or Gate-Drain Capacitance (Cgq) is charged to 
VGG t+ VDs. 

During the turn-on interval, Gate-Source Capacitance (Cgs) 
discharges through the series combination of RGen and RK. Cgq 
must discharge to Vps(on) through Rg and Rx in series with the 
parallel combination of effective load impedance (R’p) and 
Drain-Source Resistance (rg,). During the turn-off, this charge 
flow is reversed. 

Predicting turn-on time is somewhat difficult as the channel 
resistance rg, is a function of the gate-source voltage. While Cg 
discharges, VGs approaches zero and rqs decreases. Since Cgq 
discharges through rqg, turn-on time is non-linear. During turn-off, 
the situation is reversed with rgg increasing as Cgq charges. 

The above switching curves show two impedance conditions; 1) 
RK is equal to Rp, which simulates the switching behavior of 
cascaded stages where the driving source impedance is normally 
the load impedance of the previous stage, and 2) RK = 0 (low 
impedance) the driving source impedance is that of the generator. 


FIGURE 8 — TYPICAL CAPACITANCE 
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| FIGURE 9 — EFFECT OF GATE-SOURCE VOLTAGE FIGURE 10 — EFFECT OF TEMPERATURE ON DRAIN-SOURCE 
| _ . ONDRAIN-SOURCE RESISTANCE | ON-STATE RESISTANCE 
| ; | 
| 280 : 
| ‘A diosss lf Tf | ot 
| 0p PA LS mAL20mA YF 30mAP40mA | f50mA 
| E a wi 
: = a es 
2 <= 200 ro 
| S52 | oN 
| SS wept |Z | J | Sa 

233 <& 

R= 2s 

Z = 120 iy 

a8 z3 

Ac 80 =< 
| S 2 
| Se 32 

ie ance . 
0 1.0 2.0 3.0 4.0 5.0 "-60  — -30 0 30 60 90 120 150 


Ves, GATE-SOURCE VOLTAGE (VOLTS) Tehannel, CHANNEL TEMPERATURE (°C) 


FIGURE 11 — LOW FREQUENCY CIRCUIT MODEL 


Vis = jw Ciss 

Yos = I/toss + jr Coss 
Yfs = l¥fs! 

Yrs = -jw Crs 


Ciss = Cga + Cgs 
Crss = Cgq 
Coss = cry + Cds, Cds = 0 
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MPF2608 
MPF2609 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


death RATINGS 


| Rating | Symbol | Value | Unit 
Vide 
a A a el 
|GateSource Voltage | ss | 80 |e 
ee 


Total Device Dissipation @ Ta = 25°C 310 
Derate above 25°C 2.82 We 


Storage Temperature Range —65 to + 150 = 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


| JFET 
LOW-FREQUENCY, LOW NOISE 


P-CHANNEL — DEPLETION - 


Refer to 2N5460 for graphs. 


Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage V(BR)GSS Vde 
(Ig = 1.0 pA) 
Gate Reverse Current ; Ioss nA 
(VGs = 5.0 Volts) . 
Gate Source Cutoff Voltage VGS(off) 1.0 Vdc 
(Vps = —5.0 V, Ip = —1.0 pA) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vps = —5.0 Volts) MPF2608 
MPF2609 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = —5.0 Volts, f = 1.0 kHz) MPF2608 
MPF2609 


Input Capacitance 
(Vps = —5.0 Volts, Vgsg = 1.0 v, f = 140 kHz) MPF2608 
MPF2609 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 


(Vps = —5.0 Volts, f = 1.0 kHz, R = 1.0 meg) 
*Pulse Width < 100 msec, Duty Cycle < 10%. 
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MPF3330 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM panes 


fae aa vas [a 
[|Drain-GateVoltage |G | 20 | 
Severe Gu Sevres Yotege __f_Nosn J 20} Wie 


Gate Current 


Total Device Dissipation @ Ta = 25°C —-. 
Derate above 25°C 2.82 awit 


Storage Temperature Range —65 to +150 ee 


JFET 
LOW-FREQUENCY, LOW NOISE 


P-CHANNEL — DEPLETION 


Refer to 2N5460 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot_| min [| Max [unit _ | 


Gate-Source Breakdown Voltage | V(BR)GSS Vde 
(Ig = 10 pA) 
Gate Reverse Current nA 
(VGs = 10 V) . 
Gate Source Cutoff Voltage : VGS(off) Vde 
(Vps = —15V, Ip = 10 A) 
ON CHARACTERISTICS . 


Zero-Gate-Voltage Drain Current 
(Vps = —10V) 


Drain-Source Resistance 
(Ip = 100 nA, Ves = 0) 
SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = —10V, Ip = 2.0 mA, f = 1.0 kHz) 


Output Admittance 
-(Vps = —10V, Ip = 2.0 mA, f = 1.0 kHz) 


Input Capacitance 
(Vps = —10 Volts, Vgg = 1.0 Volt, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 
Noise Figure 


OFF CHARACTERISTICS 


(Vps = —5.0V, Ip = 1.0 mA, Rg = 1.0 MQ) 
*Pulse Width < 100 msec, Duty Cycle < 10%. 
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MPF3821 
MPF3822 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


a a ee 
[BrainSource Voltage ——~S*dtSCMg fs 
[rain-Gate Vote ——=~S~dSVng 


Total Device Dissipation @ Ta = 25°C mW 
Derate above 25°C mW/°C 
Storage Temperature Range ~— 65 to 150 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot | Min | Max | Unit 


OFF CHARACTERISTICS 
Gate-Source Breakdown Voltage V(BR)GSS Vde 
(Ig = —1.0 wAdc, Vps = 0) 
— p= ‘ 
VGs 


Gate Reverse Current 
-0.5 


-1.0 


JFET 
GENERAL PURPOSE 


N-CHANNEL — DEPLETION 


Refer to 2N4220 for graphs. 


Gate Source Cutoff Voltage 
(Ip = 0.5 nAdc, Vps = 15 Vdc) MPF3821 
MPF3822 


Gate Source Voltage 
(Ip = 50 wAdc, Vps = 15 Vdc) MPF3821 
(Ip = 200 pAdc, Vps = 15 Vdc) MPF3822 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(1) 
(Vps = 15 Vde, Ves = 0) MPF3821 
MPF3822 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = 15 Vde, Vgs = 0, f = 1.0 kHz)(1) MPF3821 
MPF3822 


(Vps = 15 Vde, Vgg = 0, f = 100 MHz) MPF3821 
MPF3822 
Output Admittance(1) 


(Vps = 15 Vde, Ves = 0, f = 1.0 kHz) MPF3821 
MPF3822 


Input Capacitance 
(Vps = 15 Vde, Vgs = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vpsg = 15 Vde, Vgsg = 0, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vps = 15 Vde, Veg = 0, Rs = 1.0 megohm, 
f = 10 Hz, Noise Bandwidth = 5.0 Hz) 


Equivalent Input Noise Voltage 
(Vps = 15 Vdc, Ves = 0, f = 10 Hz, Noise Bandwidth = 5.0 Hz) 


(1) Pulse Test: Pulse Width < 100 ms, Duty Cycle < 10%. 
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MPF3823 
MPF3824 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


eo ee 


Drain-Source Voltage MPF3823 Vdc 
. MPF3824 

Drain-Gate Voltage MPF3823 Vdc 
MPF3824 


Reverse Gate-Source Voltage MPF3823 VGSR —30 _ Vde 
MPF3824 — 50 


a a 
Total Device Dissipation @ Ta = 25°C 300 
Derate above 25°C 2.0 . . 
Lead Temperature | tT | 30 | 


Operating and Storage Junction Tj, Tstg | —65to + — 
Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic [Symbol | aie] lens | Ort | 


= ah 
Gate Leakage Current IGss 
(VGs = —20V) 
Gate Source Cutoff Voltage VGS(off) 
(Vps = 15 V, Ip = 0.5 nA) 
Gate Source Voltage , 
(V6s = 15 V, Ip = 400 pA) _ 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 


JFET 
HIGH FREQUENCY 
AMPLIFIER 


N-CHANNEL — DEPLETION 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(lg = —1.0 uA) | MPF3823 
MPF3824 


(Vps = 15 V) 
SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance - l¥fsl 
(Vps = 15 V, f = 1.0 kHz) 
Output Admittance | lYos| pmhos 
(Vps = 15 V, f = 1.0 kHz) : 
Input Capacitance Ciss pF 
| (Vpsg = 15 V, f = 1.0 MHz) 
Reverse Transfer Capacitance Crss pF 
(Vps = 15 V, f = 1.0 MHz) MPF3823 
MPF3824 
Ohms 
(Vgs = 0, lp = 0, f = 1.0 kHz) 
~ FUNCTIONAL CHARACTERISTICS 
Noise Figure NF 
(Vps = 15 V, Veg = 0, f = 100 MHz) MPF3823 (Only) . 


Drain-Source “ON” Resistance 
MPF3824 (Only) 
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MPF3970 
MPF3971 
MPF3972 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Rating | Symbol | Value | Unit _| 
Drain-Source Voltage | Vps | 40 | Vdc 
Drain-Gate Voltage DG 


JFET 
SWITCHING 


N-CHANNEL — DEPLETION 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C ; mW/°C 


Operating and Storage Junction TJ, Tstg —65 to +150 °C 
Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot_| Min | Max | Unit_| 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Ig = 1.0 wA, Veg = 0) 

Drain to Gate Leakage 
(VpG = 20 V, Ig = 0) 


Gate Reverse Current 
(V6s = 20 V, Vps = 0) 


Gate Source Cutoff Voltage 
(Vps = —20V, Ip = 1.0 nA) MPF3970 
MPF3971 
MPF3972 


Drain Source Voltage 
(VGs = 0) 
(ID = 20 mA) MPF3970 
(ID = 10 mA) MPF3971 
(Ip = 5.0 mA) MPF3972 


Drain Cutoff Current 
(Vps = 20 V, Ves = —12 V) 
ON CHARACTERISTICS 
Zero-Gate-Voltage Drain Current 
(Vps = 20 V, Ves = 0) MPF3970 
MPF3971 
_MPF3972 


Drain-Source “ON” Resistance 
(Ip = 1.0 mA, Veg = 0) MPF3970 
MPF3971 
MPF3972 


Input Capacitance Ciss 
(Vps = 20 V, Ves = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance | 
(Vps = 0, V6s = —12 V, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 


Drain-Gate Leakage 
(Vpg = 20 V, Is = 0, Ta = 150°C) 


Drain Cutoff Current 


(Vps = 20 V, Ves = -—12 V, Ta = 150°C) 
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MPF3970, MPF3971, MPF3972 


ELECTRICAL CHARACTERISTICS come! (Ta = 25°C unless otherwise noted.) 


a 


Drain-Source “ON” ‘Rbeistanes 

(Ip = 0, VGs = 0, f = 1.0 kHz) MPF3970 
MPF3971 
MPF3972 


SWITCHING CHARACTERISTICS 


Switching Characteristics 
(MPF3970 Only) 
(Vpp = 10 V, Ves = 9, Ip(on) = 20 mA, VGs(off) = 10 V) 


Switching Characteristics 


| (MPF3971 Only) 
| — (Vpp = 10 V, Veg = 9, Ip(on) = 10 MA, VGS(off) = 5.0 V) 


Switching Characteristics 
(MPF3972 Only) 
(Vpp = 10V, VGsS = Q, ID(on) = 5.0 mA, VGS(off) = 3.0 V) 
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MPF4093 


CASE 29-03, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


TC Rating ————~*d:SSymbot [Value [Une 


a | ee 
[0 ma 


ie A 
Total Device Dissipation @ Ta = 25°C mw 
Derate above 25°C mW/°C 
Lead Temperature °C 
(1/16” from Case for 10 Seconds) 


Operating and Storage Junction Ty, Tstg —55 to + 150 
Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


JFET 
SWITCHING 


N-CHANNEL — DEPLETION 


Characteristic | Symbot_ | Min | Max | Unit _ | 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage V(BR)GSS Vde 
(lg = 1.0 vA, Vps = 0) 

Gate Reverse Current IDGo 1.0 nA 
(VpG = —20V, Ig = 0) 

Drain-Gate Leakage nA 
(VpG = —20V, Is = 0, Ta = 150°C) 

Drain Cutoff Current ID(off) nA 
(Vps = 20 V, Vegs = —6.0 V) 

nA 


Drain-Gate “OFF” Current 
(Vps = 20 V, Ves = —6.0 V, Ta = 160°C) 


Gate 1 to Source Cutoff Voltage VG1S (off) —1.0 Vdc 
(Vps = 20 V, Ip = 1.0 nA) 
ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vps = 20 V, Ves = 0) 


Drain-Source On-Voltage 
(Ves = 0, Ip = 2.5 mA) 


Static Drain-Source On Resistance 
(VGs = 0, Ip = 1.0 mA) 
(Vgs = 0, Ip = 0, f = 1.0 kHz) 


SMALL-SIGNAL CHARACTERISTICS 


Input Capacitance 
(Vps = 20 V, Ves = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 0, VGs = —20V, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS 
Delay Time 


Rise Time 
Turn-Off Time 
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MPF4117,A 
MPF4118,A 
MPF4119,A 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


| Symbol | Value | Unit 


Rating © 


JFET 
DC AMPLIFIER TRANSISTOR 


N-CHANNEL — DEPLETION 


or a NR sy A a ae 

Total Device Dissipation @ Ta = 25°C mW 
Derate above 25°C a 
Storage Channel Temperature Range —65 to + 125] °C 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot_| min [| Max | unit _| 


Gate-Source Breakdown Voltage V(BR)GSS — 40 Vdc 
(Vps = 0, Ig = —1.0 wAdc) 


Gate Reverse Current 
pAdc 
nAdc 


(Vgg = 20 Vdc, Vps = 0) MPF4117, 4118, 4119 
VGSi(off) 


OFF CHARACTERISTICS 


MPF4117A, 4118A, 4119A 


(Vgés = 20 Vde, Vps = 0, Ta = 125°C) MPF4117, 4118, 4119 
MPF4117A, 4118A, 4119A 


Gate Source Cutoff Voltage 

(Vps = 10 Vde, Ip = 1.0 nAdc) MPF4117,A 
MPF4118,A 
MPF4119,A 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(1) 
(Vps = 10 Vde, Ves = 0) MPF4117,A 
MPF4118,A 
MPF4119,A 


~ SMALL-SIGNAL CHARACTERISTICS 


Input Capacitance 
(Vps = 10 Vde, Ves = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 10 Vdc, Vgs = 0, f = 1.0 MHz) 


Common-Source Forward Transconductance 
(Vps = 10 Vde, Ves = 0, f = 1.0 kHz) MPF4117,A 
. MPF4118,A 
MPF4119,A 


Common-Source Output Conductance 
(Vps = 10 Vdc, Ves = 0, f = 1.0 kHz) MPF4117,A 
MPF4118,A 
MPF4119,A 


(1) Ipssg is measured during a 2.0 ms interval 100 ms after power is applied. 
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MPF4117,A, MPF4118,A, MPF4119,A 


FIGURE 1 — TRANSFER CHARACTERISTICS 


(W7) IN3YYND NivHa ‘4| 


Vgs, GATE-SOURCE VOLTAGE (VOLTS) 


FIGURE 3 — CAPACITANCE versus DRAIN-SOURCE VOLTAGE 


FIGURE 2 — TRANSCONDUCTANCE CHARACTERISTICS 


POAT, 


(soyw!) JONVLONGNOOSNVYL GYYMHOS ‘36 


Vps, DRAIN-SOURCE VOLTAGE (VOLTS) 


Ves, GATE-SOURCE VOLTAGE (VOLTS) 
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MPF4220,A 
MPF4221.A 
MPF4222.A 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


. Rating 


_JSFET 
LOW-FREQUENCY 


N-CHANNEL — DEPLETION 


Gate Current 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Storage Temperature Range —65 to + 150 


Refer to 2N4220 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | Max | Unit _| 
Gate-Source Breakdown Voltage V(BR)GSS 
(Ig = —10 pA, Vps = 0 V) 
Gate Reverse Current Igss 
(VGs = —15V,Vps = 0V) | 


Gate Source Cutoff Voltage VGS(off) “|e 


OFF CHARACTERISTICS 


(Vps = 15 V, Ip = 0.1 nA) MPF4220,A 
MPF4221,A 
MPF4222,A 


Gate Source Voltage 


(Vps = 15V, Ip = 50 nA) MPF4220,A 
(Vps = 15 V, Ip = 200 uA) MPF4221,A 
(Vps = 15V, Ip MPF4222,A 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vps = 15 Volts, Vgg = 0 V) MPF4220,A 


MPF4221,A 
MPF4222,A 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = 15 V, f = 1.0 kHz, Vgsg 


lI 


0 V) MPF4220,A 
MPF4221,A 


lyfs|* umhos 

1000 4000 

2000 5000 

MPF4222,A 2500 6000 

Output Admittance lYos| umhos 
(Vps = 15 V, f = 1.0 kHz, Veg = 0 V) MPF4220,A 10 
MPF4221,A Pe 
MPF4222,A 


Input Capacitance © Ciss 
(Vps = 15 V, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss 
(Vps = 15 V, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vps = 15 V, f = 100 Hz, Rg = 1.0 MQ) MPF4220,A 


MPF4221,A 
MPF4222,A 


*Pulse Width < 100 msec, Duty Cycle < 10%. 
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MPF4223 
MPF4224 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


| Rating | Symbol _| 

[Drain-Source Voltage | Vs | 80 

| Drain-Gate Voltage |g | 

[Drain Current tm 
pig | to 


JFET 
HIGH-FREQUENCY 
AMPLIFIER 


N-CHANNEL — DEPLETION 


Gate Current 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Pp haracteristic | Symbot | Min | Max | Unit | 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage V(BR)GSS Vde 
(ig = —10 pA) 


Gate 1 Leakage Current nA 
(VGis = —20V) MPF4223 
MPF4224 
VGS(off) Es Vde 
| ae 


Gate Source Cutoff Voltage 
(Ip = 0.25 nA, Vps = 15 V) MPF4223 
(Ip = 0.5 nA, Vps = 15 V) MPF4224 


| Gate Source Voltage 
(Ip = 0.3 mA, Vps = 15 V) MPF4223 
(Ip = 0.2 mA, Vps = 15 V) MPF4224 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vps = 15 V) MPF4223 
MPF4224 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = 15 V, Ves = OV, f = 1.0 kHz) MPF4223 
MPF4224 


Output Conductance 
(Vps = 15 V, VGs = OV, f = 200 MHz) 


Input Capacitance 
(Vps = 15 V, Vgs = OV, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 15 V, VGsg = OV, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vps = 15 V, Ves = OV, Rg = 1.0 kO, f = 200 MHz) MPF4223 (Only) 


Common Source Power Gain 
(Vps = 15 V, Veg = OV, f = 200 MHz) MPF4223 (Only) 
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MPF4391 
MPF4392 
MPF4393 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


JFET 
SWITCHING 


N-CHANNEL — DEPLETION 


Total Device Dissipation @ Ta = 25°C mW 
Derate above 25°C mWw/°C 
Operating and Storage Channel Tchannel, | —65 to +150 °C 

Temperature Range Tsto 

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Ig = 1.0 wAdec, Vps = 0) 
Gate Reverse Current 


(Vgs = 15 Vde, Vps = 0) nAdc 
(VGs = 15 Vde, Vps = 0, Ta = 100°C) pAdc 


Drain-Cutoff Current 


(Vps = 15 Vde, Vgg = 12 Vdc) . nAdc 
(Vps = 15 Vde, Vgs = 12 Vde, Ta = 100°C) : : pAdc 


Gate Source Voltage VGsS Vde 
(Vps = 15 Vdc, Ip = 10 nAdc) MPF4391 4.0 
MPF4392 2.0 
MPF4393 0.5 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(1) 
(Vps = 15 Vde, Vgs = 0) MPF4391 
MPF4392 
MPF4393 


Drain-Source On-Voltage 
(ID = 12 mAdc, Vgs = 0) MPF4391 


(ID = 6.0 mAdc, VgEg = 0) MPF4392 
(Ip = 3.0 mAdc, Vgs = 0) MPF4393 


Static Drain-Source On Resistance 
(ID = 1.0 mAdc, Ves = 0) MPF4391 
MPF4392 
MPF4393 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = 15 Vde, Ip = 60 mAdc, f = 1.0 kHz) MPF4391 

(Vps = 15 Vde, Ip = 25 mAdc, f = 1.0 kHz) MPF4392 - 
(Vps = 15 Vdc, Ip = 5.0 mAdc, f = 1.0 kHz) MPF4393 


Drain-Source “‘ON” Resistance 
(V6s = 0, Ip = 0, f = 1.0 kHz) MPF4391 
MPF4392 


Tds(on) 46 
. 60 
MPF4393 100 


Input Capacitance Ciss 
(Vgs = 15 Vde, Vps = 0, f = 1.0 MHz) 
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MPF4391, MPF4392, MPF4393 


ELECTRICAL CHARACTERISTICS. connie?) (TA = 25°C unless otherwise noted.) 


Pp Characteristic | Symbot_ | tin | typ | Max [Unit 


Reverse Transfer Capacitance Crss 
2.5 
3.2 


(VGs = 12 Vde, Vps = 0, f = 1.0 MHz) 
(Vps = 15 Vdc, Ip = 10 mAdc, f = 1.0 ae 


SWITCHING CHARACTERISTICS 


Rise Time (See Figure 2) 
(IpD(on) = 12 mAdc) MPF4391 
(ID(on) = 6.0 mAdc) MPF4392 
(I = 3:0 mAdc) © MPF4393 


Fall Time (See Figure 4) 


(VGS(off) = 12 Vdc) . 4 MPF4391 
(VGS(off) = 7-0 Vdc) - MPF4392 
(V = 5.0 Vdc) MPF4393 


Turn-On Time (See Figures 1 and 2) 

(ID(on) = 12 mAdc) MPF4391 
(ID(on) = 3.0 mAdc) MPF4393 
Turn-Off Time (See Figures 3 and 4) 

(VGS(off) = 12 Vde) MPF4391 
(VGS(off) = 7-0 Vdc) MPF4392 
(VGS(off) = 5.0 Vdc) MPF4393 


(1) Pulse Test: Pulse Width <= 100 us, Duty Cycle <= 1.0%. 


TYPICAL SWITCHING CHARACTERISTICS 


FIGURE 1 — TURN-ON DELAY TIME FIGURE 2 — RISE TIME 
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FIGURE 3 — TURN-OFF DELAY TIME 


FIGURE 4 — FALL TIME 
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-MPF4391, MPF4392, MPF4393 


FIGURE 5 — SWITCHING TIME TEST CIRCUIT 


+VoD 


Rp 


SET VoS(off) = 10 V 


OUTPUT 


INPUT PULSE Rog &R = 
| da 25 ns GG . 
te 0.5 ns 
PULSE WIDTH = 2.0 us Ro’ = RO(RT+50) 
OUTY CYCLE <2.0°. Rp+RT +50 


FIGURE 6 — TYPICAL FORWARD TRANSFER ADMITTANCE 
20 


¥fs. FORWARD TRANSFER ADMITTANCE (mmhos) 
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FIGURE 8 — EFFECT OF GATE-SOURCE VOLTAGE 
ON DRAIN-SOURCE RESISTANCE 


RESISTANCE (OHMS) 


aS 


Tchannel = 25°C 


Fds(on),. DRAIN-SOURCE ON-STATE 


40 6.0 8.0 


Ves, GATE-SOURCE VOLTAGE (VOLTS) 


70 


NOTE 1 

The switching characteristics shown above were measured using a 
test circuit similar to Figure 5. At the beginning of the switching 
interval, the gate voitage is at Gate Supply Voltage (-VGqG). The 
Drain-Source Voltage (Vps) is slightly lower than Drain Supply. 
Voltage (Vpp) due to the voitage divider. Thus Reverse Transfer 
Capacitance (Css) or Gate-Drain Capacitance (Cgq) is charged to 
VGG + Vps-. 

During the turn-on interval, Gate-Source Capacitance (Cgs) dis- 

charges through the series combination of RGen and Rx. Cad 
must discharge to Vps(on) through Rg and Rx in series with the 
parallel combination of effective load impedance (R'p) and Drain- 
Source Resistance (rgs). During the turn-off, this ila flow is 
reversed. 
' Predicting turn-on time is somewhat difficult as the channel 
resistance rq, is a function of the gate-source voltage. While Cg. 
discharges, VGg approaches zero and rgg decreases. Since Cgq 
discharges through rg, turn-on time is non-linear. During turn-off, 
the situation is reversed with rgg increasing as Cgq charges. 

The above switching curves show two impedance conditions; 1) 
RK is equal to Rp’ which simulates the switching behavior of 
cascaded stages where the driving source impedance is normally the 
load impedance of the previous stage, and 2) Ry = O (low imped- 
ance) the driving source impedance is that of the generator. 


FIGURE 7 — TYPICAL CAPACITANCE 
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FIGURE 9 — EFFECT OF TEMPERATURE ON DRAIN—SOURCE 
ON-STATE RESISTANCE 


ds(on), DRAIN-SOURCE ON-STATE 
RESISTANCE (NORMALIZED) 


Tchannel, CHANNEL TEMPERATURE (°C) 
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MPF4391, MPF4392, MPF4393 


FIGURE 10 — EFFECT OF IDSS ON DRAIN-SOURCE 
RESISTANCE AND GATE-SOURCE VOLTAGE 
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NOTE 2 


The Zero-Gate-Voltage Drain Current (Ipgsg), is the principle deter- 
8.0 w = minant of other J-FET characteristics. Figure 10 shows the 
70 2 felationship of Gate-Source Off Voltage (VGsioff)) and Drain- 
~ ge Source On Resistance (rgs(on)) to Ipsg. Most of the devices will 
6.0 > be within +10% of the values shown in Figure 10. This data will 
be useful in predicting the characteristic variations for a given 
ze part number. 
40 2 For example: 
SocSeeeeer "Unkrown 
fd ae ae" 'ds(on) and VGgs range for an MPF4392 
20 2 The electrical characteristics table indicates that an MPF4392 
has an Ipgs range of 25 to 75 mA. Figure 10, shows rdgion) 
= 52 Ohms for Ipgg = 25 mA and 30 Ohms for Ipgg = 75 mA. 
The corresponding VGg values are 2.2 volts and 4.8 volts. 


'ds(on), DRAIN-SOURCE ON-STATE 
RESISTANCE (ohms) 
S 8 


10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 
Ipss, ZERO-GATE-VOLTAGE DRAIN CURRENT (mA) 
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MPF4416,A 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


~. MAXIMUM RATINGS 


Gate-Source Voltage | 
MPF4416 
MPF4416A 


ea ee 


Total Device Dissipation @ Ta = 25°C 300 mW 
Derate above 25°C FY a mWw/°C 
Lead Temperature | om | 300 |e 


Operating and Storage Junction Tj, Tstg | —65 to +150 
Temperature Range 


JFET 
HIGH-FREQUENCY 
AMPLIFIER 


N-CHANNEL — DEPLETION 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Pp Characteristic | Symbol | min | Max [Unit | 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage V(BR)GSS 
(lg = —1.0 pA) MPF4416 
MPF4416A 
Gate Reverse Current 
(Vgs = —20V) 


Gate Source Cutoff Voltage VGS(off) 
(Vpsg = 15 V, Ip = 1.0 nA) MPF4416 
MPF4416A 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current* mA 
(Vps = 15 V) 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance | lvfsl 7500 pmhos 
(Vps = 15 V, f = 1.0 kHz) 
Input Admittance Re(yjs) pumhos 
(Vps = 15 V, f = 100 MHz) 100 
(Vps = 15 V, f = 400 MHz) = , 
Output Admittance lYosl ae | 
(Vps = 15 V, f = 1.0 kHz) 
Output Conductance Re(yos) loool 
(Vpg = 15 V, f = 100 MHz) | 75 
(Vps = 15 V, f = 400 MHz) 100 
Forward Transconductance* Re(yfs) 4000 pmhos 
(Vps = 15 V, f = 400 MHz) 
Input Capacitance Ciss 
(Vps = 15 V, f = 1.0 MHz) 
Reverse Transfer Capacitance Crss 
(Vps = 15 V, f = 1.0 MHz) 
Output Capacitance Coss 
(Vps = 15 V, f = 1.0 MHz) a 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vps = 15 V, Ip = 5.0 mA, Rg = 1.0 kO, f = 100 MHz) 
(Vps = 15 V, Ip = 5.0 mA, RG = 1.0 kQ, f = 400 MHz) 


Common Source Power Gain 
(Vps = 15 V, Ip = 5.0 mA, f = 100 MHz) 
(Vps = 15 V, ID = 5.0 mA, f = 400 MHz) 


*Pulse Test Duration = 2.0 msec. 
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MAXIMUM RATINGS 


Symbol 


[Reverse GatoSource Varage | Vesa | —«0 | -20 | vee | 
[Forward Gate Current_———~dt ig | 60 ___| made | 


Total Device Dissipation @ Ta = 25°C 
360 mw 
mW/°C 


Derate above 25°C 
2.4 
Storage Temperature Range —65 to + 150 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


MPF4856,A|MPF4859,A 
MPF4857,A|MPF4860,A 


MPF4856,A 
thru) 
MPF4861,A 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


JFET 
SWITCHING 


N-CHANNEL — DEPLETION 


Refer to 2N4856 for graphs. 


Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Ig = 1.0 wAdc, Vps = 0) MPF4856,A, MPF4857,A, MPF4858,A 
MPF4859,A, MPF4860,A, MPF4861,A 


Gate Reverse Current 
(VGs = —20 Vdc, Vps = 0) MPF4856,A, MPF4857,A, MPF4858,A 
(VGs = —15 Vdc, Vps = 0) MPF4859,A, MPF4860,A, MPF4861,A 
(VGs = —20 Vde, Vps = 0, Ta = 150°C) MPF4856,A, MPF4857,A, MPF4858,A 
(Vgsg = —15 Vdc, Vps = 0, Ta = 150°C) MPF4859,A, MPF4860,A, MPF4861,A 


Gate Source Cutoff Voltage 
(Vps = 15 Vdc, Ip = 0.5 nAdc) MPF4856,A, MPF4859,A 
MPF4857,A, MPF4860,A 
MPF4858,A, MPF4861,A 


Drain Cutoff Current 
(Vps = 15 Vdc, Vgg = —10 Vde) 
(Vps = 15 Vde, Vag = —10 Vde, Ta = 150°C) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(1) 
(Vps = 15 Vde, Veg = 0) MPF4856,A, MPF4859,A 
MPF4857,A, MPF4860,A 
MPF4858,A, MPF4861,A 


Drain-Source On-Voltage 
(Ip = 20 mAdc, Ves = 0) MPF4856,A, MPF4859,A 
(Ip = 10 mAdc, Ves = 0) MPF4857,A, MPF4860,A 
(Ip = 5.0 mAdc, Vgs = 0) MPF4858,A, MPF4861,A 


SMALL-SIGNAL CHARACTERISTICS 


Drain-Source “ON” Resistance 
(Vgs = 0, Ip = 0, f = 1.0 kHz) MPF4856,A, MPF4859,A 
MPF4857,A, MPF4860,A 
MPF4858,A, MPF4861,A 


Input Capacitance 
(Vps = 0, VGs = —10 Vdc, f = 1.0 MHz) MPF4856 thru MPF4861 
MPF4856A thru MPF4861A 


Reverse Transfer Capacitance 
(Vps = 0, VGg = —10 Vdc, f = 1.0 MHz) 
MPF4856 thru MPF4861 
MPF4856A, MPF4859A 
MPF4857A, MPF4858A, MPF4860A, MPF4861A 
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VGS(off) 


20 
8.0 
” es 
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| MPF4856,A thru MPF4861,A 


| ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 
| & cee Characteristic [symbol [Min [| Mex [uni | 
7 SWITCHING CHARACTERISTICS 


: Turn-On Conditions for MPF4856,A, MPF4859,A: MPF4856, MPF4859 
| Delay Time MPF4856A, MPF4859A 


(Vpp = 10 Vdc, Ip(gn) = 20 mAdc, = MPF4857, MPF4860 
VGS(on) = 9 VGS(off) = — 10 Vde) MPF4857A, MPF4860A 

| MPF4858, MPF4861 
MPF4858A, MPF4861A 


| Rise Time Conditions for MPF4857,A, MPF4860,A: MPF4856,A, MPF4859,A 
MPF4857,A, MPF4860,A 
| 10 mAdc, MPF4858, MPF4861 

| -6.0 Vdc) MPF4858A, MPF4861A 


(Vpp = 10 Vdc, Ip(on) 
VGS(on) = 9. VGS(off) 

Turn-Off Time MPF4856, MPF4859 
Conditions for MPF4858,A, MPF4861,A: MPF4856A, MPF4859A 

MPF4857, MPF4860 


| (Vpp = 10 Vdc, Ip(on) = 5.0 mAdc, = MPF4857A, MPF4860A 
| VGSion) = 0 VGS(off) = —4.0 Vdc) MPF4858, MPF4861 
MPF4858A; MPF4861A 


(1) Pulse Test: Pulse Width = 100 ms, Duty Cycle < 10%. 
(2) The Ipjon) values are nominal; exact values vary slightly with transistor parameters. 
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U308 
U309 
U310 


CASE 27-02, STYLE 4 
TO-52 (TO-206AC) 


MAXIMUM RATINGS 


fe C*Rating =| Symbot | Value 
Drain-Source Voltage | Vos | 2 | de 
Gate-Source Voltage | Veg | 2 | d 


JFET 
VHF/UHF AMPLIFIER 


N-CHANNEL — DEPLETION 


Gate Current 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Operating and Storage Junction TJ. Tstg | —65 to +150 °C 
Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


f havacteristic | Symbot_ | min | typ | Max | unit 


OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(ig = 1.0 pA, Vpsg = 0) 

Gate Reverse Current 


(V6s = —15 V) 
(Ves = 0, Ta = 125°C) 


Gate Source Cutoff Voltage 
(Vps = 10 V, Ip = 1.0 nA) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(1) 
(Vps = 10 V, Ves = 0) 


Gate-Source Forward Voltage 
(Ig = 10 mA, Vps = 0) 


SWITCHING CHARACTERISTICS 


Common-Gate Forward Transconductance(1) 
(Vps = 10 V, Ip = 10 mA, f = 1.0 kHz) 


Common-Gate Output Conductance 
(Vps = 10 V, lp = 10 mA, f = 1.0 kHz) 


Drain-Gate Capacitance 
(Vgs = —10V,Vps = 10 V, f = 1.0 MHz) 


Gate-Source Capacitance 
(Vgs = —10V, Vpsg = 10 V, f = 1.0 MHz) 


Equivalent Short-Circuit Input Noise Voltage 
(Vps = 10 V, Ip = 10 mA, f = 100 Hz) 


(1) Pulse test duration = 2.0 ms. 
(2) See Figures 10 and 11 for Noise Figure and Power Gain information. 
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: U308, U309, U310 
FIGURE 1 — 450 MHz COMMON-GATE AMPLIFIER TEST CIRCUIT 


50 22 


U31 4 
Source 


© 

tVop 
C1 = C2 = 0.8 - 10 pF. JFD #MVMO10W. 
C3 = C4 = 8-35 pF Erie #539-002D. 
C5 = C6 = 5000 pF Erie (2443-000). 
C7 = 1000 pF. Allen Bradley #F ASC. 
REC = 0.33 pH 'Miller #9230-30. 
L1 = One Turn #16 Cu,.1/4" 1.D. (Air Core). 
L2p= One Turn #16 Cu, 1/4” 1.D. (Air Core). 
L2s = One Turn #16 Cu, 1/4” 1.D. (Air Core). 


FIGURE 2 — DRAIN CURRENT and TRANSFER FIGURE 3 — FORWARD TRANSCONDUCTANCE 
| CHARACTERISTICS versus GATE-SOURCE VOLTAGE versus GATE-SOURCE VOLTAGE 
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FIGURE 4 — COMMON-SOURCE OUTPUT 
ADMITTANCE and FORWARD TRANSCONDUCTANCE FIGURE 5 — ON RESISTANCE and JUNCTION CAPACITANCE 
. versus DRAIN CURRENT versus GATE-SOURCE VOLTAGE 
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U308, U309, U310 


FIGURE 6 — COMMON-GATE Y PARAMETER FIGURE 7 — COMMON-GATE S PARAMETER 
MAGNITUDE versus FREQUENCY MAGNITUDE versus FREQUENCY 
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FIGURE 12 — 450 MHz IMD EVALUATION AMPLIFIER 


Ci , | U310 C6 


By (3dB) — 36.5 MHz 
Ip — 10 mAdc 


L1 L3 Vos — 20 Vde 
ae - . eur Device case grounded 
575 R_ = 502 IM test tones — f1 = 449.5 MHz, f2 = 450.5 MHz 


C1 = 1-10 pf Johanson Air variable trimmer. 
C2, C5 = 100 pf feed thru button capacitor. 
C3, C4, C6 = 0.5-6 pf Johanson Air variable trimmer. 


= 1/8" x 1/32” x 1-5/8’' copper bar 
L2, L4 = Ferroxcube Vk200 choke. 
L3 = 1/8’' x 1/32" x 1-7/8"' copper bar. 


SHIELD 


Amplifier power gain and IMD products are a function of the load impedance. For the amplifier design shown above with 
C4 and C6 adjusted to reflect a load to the drain resulting in a nominal power gain of 9 dB, the 3rd order intercept point 
(IP) value is 29 dBm. Adjusting C4, C6 to provide larger load values will result in higher gain, smaller bandwidth and lower 
IP values. For example, a nominal gain of 13 dB can be achieved with an intercept point of 19 dBm. 


FIGURE 13 — TWO TONE 3RD ORDER INTERCEPT POINT 


3RD ORDER INTERCEPT POINT 


U310 JFET 
Vos = 20 Vdc 
Ip = 10 mAdc 
Fi = 449.5 MHz 
F2 = 450.5 MHz 


i AC 
a a Peinaamesrad ath ft 


Example of intercept point plot use: : 
Ton 3RD ORDER IMD aaa / Assume two in-band signals of -20 dBm at the amplifier input. 


They will result in a 3rd order iMD signal at the output of -90 
dBm. Also, each signal level at the output will be -11 dBm, show- 
ing an amplifier gain of 9.0 dB and an intermodulation ratio (IMR) 
capability of 79 dB. The gain and IMR values apply only for signal 
fevels below compression. 


OUTPUT POWER PER TONE (dBm) 


INPUT POWER PER TONE (dBm) 
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: 


RETF 


CASE 20-03 CASE 22-03 CASE 26-03 CASE 31A-01 


(TO-72) (TO-18) (TO-46) 
CASE 79-02 CASE 79-03 CASE 244A-01 
(TO-39) (TO-117) 


CASE 249-05 CASE 303-01 CASE 305-01 


OK a 


CASE 305A-01 CASE 317-01 CASE 317A-01 


CASE 358-01 CASE 654-02 CASE 714-02 


(TO-78) 


Small-signal high-frequency transistors and hybrid modules 
from Motorola are characterized as low-noise amplifiers, oscil- 
lators, high-speed switches, Class A linear amplifiers, and Class 
C amplifiers. Packaging options include plastic/ceramic stripline 
and metal can. 


RF Transistors 


7 


_2N2857 
_2N3839 


2N2857 
JAN, JTX, JTXV AVAILABLE 
CASE 20-03, STYLE 10 
TO-72 (TO-206AF) 
MAXIMUM RATINGS 


Rating 


Total Device Dissipation @ Ta = 25°C 200 mw 
Derate above 25°C 1.14 mWw/°C 

Total Device Dissipation @ Tc = 25°C 300 mW 
Derate above 25°C 1.72 mw/°C 


Storage Temperature —65 to +200 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Collector-Emitter Breakdown Voltage* V(BR)CEO Vdc 
(I¢ = 3.0 mAdc, Ip = 0) 
“Wea = 15a _ p= [=[e[™ 
ON CHARACTERISTICS 2 . 
Current-Gain — Bandwidth Product(1) 


‘(Ic = 1.0 pAdc, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 10 wAdc, Ic = 0) 
(Vcp = 15 Vdc, Ie = 0) Both Types 
(Vcp = 15 Vdc, Ip = 0, Ta = 150°C) 2N3839 
DC Current Gain hFEe 
(I¢ = 3.0 mAdc, VcE = 1.0 Vdc) 
SMALL SIGNAL CHARACTERISTICS 
(I¢ = 5.0 mAdc, VcgE = 6.0 Vde, f = 100 MHz) 2N2857 
2N3839 


OFF CHARACTERISTICS 


Collector-Base Capacitance 
(VcB = 10 Vdc, IE = 0, f = 0.1 to 1.0 MHz) 


Small Signal Current Gain 
(Ic = 2.0 mAdc, VcE = 6.0 Vde, f = 1.0 kHz) 


Collector Base Time Constant 
(le = 2.0 mAdc, Vcg = 6.0 Vde, f = 31.9 MHz) 2N2857 
2N3839 


Noise Figure (Figure 1) 
(lz = 0.1 mAdc, VcE = 1.0 Vdc, Rg = 50 ohms, f = 450 MHz)(2) Both Types 
(Ic = 1.5 mAdc, VcE = 6.0 Vdc, Rg = 50 ohms, f = 450 MHz) 2N2857 
2N3839 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (Figure 1) . 
(IE = 0.1 mAdc, VcgE = 1.0 Vdc, f = 450 MHz, Rg = 500))(2) 
(Ic = 1.5 mAdc, VcE = 6.0 Vdc, f = 450 MHz, Rg = 500) 


Power Output (Figure 2) 
(IE = 12 mAdc, Vcg = 10 Vdc, f = 500 MHz) 


(1) fy is defined as the frequency at which |h¢gl extrapolates to unity. — 
(2) Micro-Power Specifications. 
*Indicates Data in addition to JEDEC Requirements. | 
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FIGURE 2 — TEST CIRCUIT FOR 
OSCILLATOR POWER OUTPUT 


FIGURE 1 — TEST CIRCUIT FOR NOISE 
FIGURE AND POWER GAIN 


Capacitance values in pF 


502 
DOUBLE-STUB 
TUNER 
RFC 
0.2 uH 


(+)Vcc 


— 3 turns #16 AWG wire, 3/8” 0.D. 1-1/4” long. 


Ap 500 


Capacitance values in pF 


O VEE = -7.5 Vdc = 


Lt, L2 — Silver-plated brass rod, 1-1/2” long and 1/4” dia. Install Apply VEE, and with signal generator adjusted for 5 mV 
at least 1/2” from nearest vertical chassis surface. output from amplifier, tune C1, C3, and C4 for 


L3 — 1/2 turn #16 AWG wire, located 1/4” from and maximum output. 
parallel to L2. (D) Interchange connections to signal generator and 
* — External interlead shield to isolate collector lead from RF voltmeter. 
emitter and base leads. (E) With sufficient signal applied to output terminals of 


Neutralization Procedure: amplifier, adjust C2 for minimum indication at input. 
(A) Connect 450-MHz signal generator (with Rg = 50 ohms) (F) Repeat steps (A), (B), and (C) to determine if retuning 
is necessary. 


to input terminals of amplifier. 


(B) Connect 50-chm RF voltmeter across output terminals 
of amplifier. 


FIGURE 3 — NOISE FIGURE versus FREQUENCY FIGURE 4 — NOISE FIGURE versus SOURCE 
RESISTANCE AND COLLECTOR CURRENT 
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2N2857 @ 2N3839 


FIGURE 6 — CURRENT-GAIN— 
BANDWIDTH PRODUCT 
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FIGURE 8 — INPUT ADMITTANCE 
versus FREQUENCY 


VCE = 6.0 Vdc 
Ie = 1.5 mAdc 
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FIGURE 10 — FORWARD TRANSFER 
ADMITTANCE versus FREQUENCY 


VceE = 6.0 Vde 
ic = 1.5 mAdc 


Yfe. FORWARD TRANSFER ADMITTANCE (mmhos) 
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FIGURE 7 — NOISE FIGURE AND POWER GAIN 
versus COLLECTOR CURRENT 
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FIGURE 9 — OUTPUT ADMITTANCE 
versus FREQUENCY 


Vc_e = 6.0 Vdc 
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C = 1.5 mAdc 
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FIGURE 11 —REVERSE TRANSFER 
ADMITTANCE versus FREQUENCY 
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SMALL-SIGNAL DEVICES 


2N2857 @ 2N3839 


FIGURE 12 — S41, INPUT REFLECTION COEFFICIENT FIGURE 13 — So2, OUTPUT REFLECTION COEFFICIENT 
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2N2857 @ 2N3839 


FIGURE 16 — S44, INPUT REFLECTION COEFFICIENT AND S99, OUTPUT REFLECTION COEFFICIENT 
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2N3553 


JAN, JTX, JTXV AVAILABLE 
CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


Collector Current — Continuous Adc 
Total Device Dissipation @ Tc = 25°C 7.0 Watts 
Derate above 25°C 40 . mw/rc 
Operating and Storage Junction Tj, Tstg | —65 to +200 °C 
Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Symbol | Min_| Typ | Mex | unit _| 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage(1) . VCEO(sus) Vdc 
(I¢ = 200 mAdc, Ip = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(iE = 0.1 mAdc, Ic = 0) . 
Collector Cutoff Current | ICEO mAdc 

(VcE = 30 Vdc, Ip = 0) 
1.5 Vde, Tc = 200°C) 


Collector Cutoff Current | ICEX mAdc 
(VcE = 30 Vdc, VBE(off) = 
(VcE = 65 Vdc, VBE(off) = 1.5 Vdc) 
Emitter Cutoff Current ; 0.1 mAdc 
(VBE = 4.0 Vdc, Ic = 0) 
ON CHARACTERISTICS 
DC Current Gain hFe 10 
(Ic = 250 mAdc, VcE = 5.0 Vdc) 
Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(I¢ = 250 mAdc, Ig = 50 mAdc) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 100 mAdc, VcE = 28 Vde, f = 100 MHz) 


Output Capacitance 
(Vcg = 30 Vdc, Ie = 0, f = 100 kHz) 


FUNCTIONAL TEST (FIGURE 2) 


Amplifier Power Gain 
(VcE = 28 Vdc, Poyt = 2.5 Watts, f = 175 MHz) 


Collector Efficiency 


(VCE = 28 Vdc, Pout = 2.5 Watts, f = 175 MHz) 


Power Input 
(VcE = 28 Vdc, Poyt = 2.5 Watts, f = 175 MHz) 


(1) Pulsed thru a 25 mH inductor. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


2N3553 


FIGURE 1 — OUTPUT POWER versus FREQUENCY 


Pout, RE POWER OUTPUT (WATTS) 


, FREQUENCY (MHz) 


FIGURE 2 — 175 MHz TEST CIRCUIT SCHEMATIC 


1000 pF 
p ° + 

28 Vde 

L1—2 Turns #16 AWG Wire 3/16” 1.D., 1/4” Long 

L2 —2 Turns #16 AWG Wire 3/16” !.D., 1/4’ Long 

L3 —3 Turns #16 AWG Wire 3/8" 1.C., 3/8°" Long 


RF Output 


3.0-35 pF 


2N3839 For Specifications, See 2N2857 Data. 
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2N3866 
2N3866A 


JAN, JTX, JTXV AVAILABLE 
CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 
Rating 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage VCER(sus) Vdc 
(I¢ = 5.0 mAdc, Rpg = 10 2) 

Collector-Emitter Sustaining Voltage VCEO(sus) Vde 
(Ic = 5.0 mAdsc, Ip = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 100 pAdc, Ic = 0) . 

Collector Cutoff Current ICEO mAdc 
(VcE = 28 Vdc, Ip = 0) 

Collector Cutoff Current | ICEX 
(VcE = 30 Vdc, Veg = — 1.5 Vde (Rev.), Tc = 200°C) 

Emitter Cutoff Current mAdc 
(VBE = 3.5 Vdc, Ic = 0) 


(VcE = 55 Vdc, Vag = —1.5 Vdc (Rev.) 
ON CHARACTERISTICS 
DC Current Gain 
(I¢ = 360 mAdc, VcgE = 5.0 Vde) Both 


(i¢ = 50 mAde, Vcg = 5.0 Vdc) 2N3866 
| 2N3866A 


Collector-Emitter Saturation Voltage 
(I¢ = 100 mAdc, Ig = 20 mAdc) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 50 mAdc, Vcge = 15 Vdc, f. = 200 MHz) 2N3866 
. 2N3866A 


Output Capacitance 
(VcB = 28 Vdc, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TEST (FIGURE 1) 


Amplifier Power Gain 
(Vcc = 28 Vdc, Pout = 1.0 W, f = 400 MHz) 


Collector Efficiency 
(Voc = 28 Vde, Pout = 1.0 W, f = 400 MHz) 


SMALL-SIGNAL DEVICES | — MOTOROLA SEMICONDUCTORS 


2N3866 @ 2N3866A 


FIGURE 1 — 400 MHz TEST CIRCUIT SCHEMATIC 


cs L5 


RF 
RF Outputs 


Inputs 


C1: 3.0-35 pF 
C2,C5: 8.0-60 pF 
C3: 12 pF 

C4: 1000 pF 


C6: 0.9-7.0 pF € ee 
L1: Two turns #18 Wire, in 
1/4" 1D, 1/8" long 


L2: FERRITE RF. Choke, . 
One Turn, z = 450 Ohms 
L3,L4: RF Choke, 0.1 WH 
L5: 2-3/4 Turns, #18 Wire, 
1/4" 1D, 3/16” tong 
R1: 5.6 Ohms 


FIGURE 2 — POWER OUTPUT versus 
FREQUENCY (Class C) FIGURE 3 — CURRENT-GAIN — BANDWIDTH PRODUCT 
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0 20 40 6 0 
f, FREQUENCY (MHz) Ic, COLLECTOR CURRENT (mA) 
FIGURE 4 — COLLECTOR-BASE TIME CONSTANT FIGURE 5 — OUTPUT CAPACITANCE 


10 


8.0 


rh'Gc, COLLECTOR BASE TIME CONSTANT (pS) 
Cob, OUTPUT CAPACITANCE (pF) 
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2N3866 @ 2N3866A 


FIGURE 6 — OUTPUT POWER versus INPUT POWER 
(CLASS C) FIGURE 7 — SMALL-SIGNAL CURRENT GAIN 
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FIGURE 8 — LARGE-SIGNAL SERIES EQUIVALENT 
IMPEDANCES FIGURE 9 — S11 AND S92 versus FREQUENCY 
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2N3866 @ 2N3866A 


FIGURE 10 — S21 versus FREQUENCY FIGURE 11 — S42 versus FREQUENCY 
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2N3948 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


|Rating | Symbol | Value 
Collector-Emitter Voltage VCEO SS ae 
Collector-Base Voltage VcBO | 36 sd| Vide 


Emitter-Base Voltage VeBO 
Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 1.0 Watt 
Derate above 25°C 5.71 mW/°C 
Operating and Storage Junction Ty, T. —65 to +200 °C 


THERMAL CHARACTERISTICS NPN SILICON 


Characteristic | Symbol | Max | Unit _| 
Thermal Resistance, Junction to Case | Rac | 35 | sow | 
Thermal Resistance, Junction to Ambient 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


fF Characteristic | Symbot | in| Max | Unit 


OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage VCEO(sus) Vdc 
(I¢ = 5.0 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(ic = 0.1 mAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 0.1 mAdc, Ic = 0) 

Collector Cutoff Current 


(Vcg = 15 Vdc, Ie = 0) 
(Vcg = 15 Vdc, le = 0, Ta = 150°C) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 50 mAdc, VcgE = 5.0 Vdc) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product _ 
(le = 50 mAdc, Vcg = 15 Vdc, f = 200 MHz) 


Output Capacitance 
(Vcg = 15 Vdc, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TEST (FIGURE 1) 


(Vcc = 13.6 Vde, f = 400 MHz, Pin = 0.25 W) 
Collector Efficiency 
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2N3948 
FIGURE 1 — 400 MHz RF AMPLIFIER TEST CIRCUIT 


L1— 2 Turns #18 Tinned Wire, 3/16 1.D. 1000 pF 


1/4" Long, Air Wound. 
L2 — 2 Turns #18 Tinned Wire, 1/2 |.D., | a 0.07 uF 
3/16” Long, Air Wound. 


*Air Variable C itors 
ir Variat apacitor L2 1-10 pF* 


RF Output 


RF Input 
1-10* pF 


FIGURE 2 — OUTPUT POWER versus FREQUENCY FIGURE 3 — PARALLEL EQUIVALENT OUTPUT CAPACITANCE 

Pout = 1.5 Watt 

song 1.0 Watt 
2 a 
E ws 
= <u 
= Se 
= 1 2 
w gt 
5 sa < 
a az? 
5 \s 
3 a 
=| a5 
© eo 

f, FREQUENCY (MHz) f, FREQUENCY (MHz) 
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2N3959° 
2N3960 


JAN, JTX, JTXV AVAILABLE 
CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 


Emitter-Base Voltage 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


THERMAL CHARACTERISTICS HIGH FREQUENCY TRANSISTOR 
[Characters —_—=S=«d;=«Symbol | 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Pp haractoristic | Symbol | Min | typ | Max | Unit _| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(i¢ = 10 mAdc, Ig = 0) 
Collector-Base Breakdown Voltage V(BR)CBO ae ae ee ee 


(ic = 10 wAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(I—E = 10 pAdc, Ic = 0) | 

Collector Cutoff Current | ICEX | pAdc 
(VcE = 10 Vdc, Veg = 2.0 Vdc) . 0.005 : 
(VCE = 10 Vdc, Veg = 2.0 Vdc, Ta = 150°C) | 5.0 
Collector Forward Current : ICEX pAdc 

(VcE = 5.0 Vde, Veg = 0.4 Vdc) 

Base Cutoff Current a . IBL —: 0.005 pAdc 

(VCE = 10 Vdc, Veg = 2.0Vdce) 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 1.0 mAdc, Vcg = 1.0 Vdc) 
(I¢ = 10 mAdc, Vcg = 1.0 Vdc) 
(I¢ = 30 mAdc, Vcg = 1.0 Vdc) 


Collector-Emitter Saturation Voltage 
(Ic = 1.0 mAdc, lp = 0.1 mAdc) 
(I¢ = 30 mAdc, Ip = 3.0 mAdc) 


Base-Emitter On Voltage :; a VBE(on) Vdc 
(I¢ = 1.0 mAdc, Vcg = 1.0 Vdc) p 2 0.8 
(I¢ = 30 mAdc, Vcg = 1.0 Vdc) 1.0 


SMALL SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product | 
(Ic = 5.0 mAdc, Vcg = 4.0 Vde, f = 100 MHz) 2N3959 
2N3960 


(ic = 10 mAdc, Vcg = 10 Vde, f = 100 MHz) 2N3959 
ee 2N3960 


(I¢ = 30 mAdc, Vcg = 4.0 Vde, f = 100 MHz), 2N3959 
7 | = : 2N3960 


Output Capacitance 
(Vcp = 4.0 Vdc, Ie = 0, f = 1.0 MHz) 
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2N3959 © 2N3960 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 
. Characteristic 


Input Capacitance 
(VeB = 0.5 Vdc, Ic = 0, f = 100 MHz) 
Collector Base Time Constant . | ; 
(Ic = 5.0 mAdc, VcE = 4.0 Vdc) _  2N3959 
; 2N3960 


(I¢ = 10 mAdc, VcE = 10 Vdc) 2N3959 
_ 2N3960 


(I¢ = 30 mAdc, VcgE = 4.0 Vdc) 2N3959 
2N3960 


SWITCHING CHARACTERISTICS (FIGURE 7) 


Turn-On Delay Time 
(i¢ = 10 mAdc, Vout = 1.0 Vde) 
| (I¢ = 30 mAdc, Vout = 1.0 Vde) 
Rise Time 
(i¢ = 10 mAdc, Voyt = 1.0 Vde) Both Devices 
(I¢ = 30 mAdc, Vout = 1.0 Vde) . 2N3959 
2N3960 


Turn-Off Delay Time 
(I¢ = 10 mAde, Voyt = 1.0 Vde) 
(I¢ = 30 mAdc, Vout = 1.0 Vdc) 


Fall Time 
(I¢ = 10 mAdc, Voyt = 1.0 Vde) Both Devices 
(Ic = 30 mAdc, Vout = 1.0 Vde) 2N3959 
2N3960 


FIGURE 2 — TYPICAL CURRENT-GAIN — BANDWIDTH 
FIGURE 1 — TYPICAL DC CURRENT GAIN PRODUCT 
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FIGURE 3 — TYPICAL COLLECTOR-BASE TIME CONSTANT FIGURE 4 — TYPICAL JUNCTION CAPACITANCE 
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TURN-ON AND TURN-OFF TIMES 


FIGURE 5 — Vout = 1.0 Vde FIGURE 6 — Vous = 2.0 Vde 
50 
Eee SE ES a Oe a es 
iy 2 a al 
: NS 
7) 2 SS 
= 10 ma ome Pp 
= 10 = awe aig 
= e fs ie 
~ 50 — 
” i Ge es 
7 n= =Semeis — SE 
rite i Beek 
‘ ma PAT rr | ERE eIe 
1.0 3.0 40 5.0 7.0 10 1.0 2.0 3.0 4.0 50 7.0 10 20 30 
Ic, COLLECTOR CURRENT (mA) ic, COLLECTOR CURRENT (mA) 
FIGURE 7 — SWITCHING TIMES TEST CIRCUIT 
OVec (+5.3 V) 
Voc T 
Re 
J \ Vour t 
tr, te <1.0ns To Scope 
Pulse Width 10 us Channel 1 Ground To Scope 
Planes Channel 2 
Veg (-25.3 V)O 
This test set up is designed to simulate 
a cascade of identical stages. ..The source 
resistance (Rg) equals the toad resistance 
(R,_). Values used in the test are shown Reet} (2) | Bie (0) 
in the table. 
For Vin = Vout = 1 V. Veg = +0.5 V, 
R_ & Rx values appropriately reduced. 
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2N4427- 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) | 
7 MAXIMUM RATINGS 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


Collector Current — Continuous ole se 
Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
Total Device Dissipation @ Tc = 25°C 3.5 Watts 
Derate above 25°C 20 mw/°C 


Storage Temperature —65 to +200 ae 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot_| Min | Max | unit _ | 


Collector-Emitter Sustaining Voltage VCER(sus) 40 Vdc 
(Ic = 5.0 mAdc, Rge = 10 ohms) 
Collector-Emitter Sustaining Voltage VCEO(sus) 20 Vde 
(Ic = 5.0 mAdc, Ip = 0) 
Collector Cutoff Current ICEO mAdc 
(VcE = 12 Vdc, Ip = 0) 


Collector Cutoff Current 
(VcE = 40 Vdc, Vpg = —1.5 Vdc) 
(VcE = 12 Vdc, Vege = —1.5 Vde, Tc = +150°C) 


Emitter Cutoff Current . mAdc 
(VEg = 2.0 Vdc, Ic = 0) 
ON CHARACTERISTICS | 


DC Current Gain 
(I¢ = 100 mAdc, VcgE = 5.0 Vdc) 
(I¢ = 360 mAdc, VcgE = 5.0 Vdc) 


Collector-Emitter Saturation Voltage 
(I¢ = 100 mAdc, Ig = 20 mAdc) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 50 mAdc, VcEe = 15 Vdc, f = 200 MHz) 


Output Capacitance 
(Vcp = 12 Vdc, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TEST (FIGURE 2) 


‘Common-Emitter Amplifier Power Gain 
(Pin = 100 MW, Vcc = 12 Vde, f = 175 MHz) 


Collector Efficiency 


OFF CHARACTERISTICS 


(Pout = 1.0 W, Voc = 12 Vde, f = 175 MHz) 


Power Input 
(Pout = 1.0 W, Vcc = 12 Vde, f = 175 MHz) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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FIGURE 1 — POWER OUTPUT versus FREQUENCY 
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FIGURE 2 — 175 MHz RF AMPLIFIER CIRCUIT FOR POWER-OUTPUT TEST 


C1, C2, L3: 2 turns No. 
C3, and C4: 3-30 pF 16 wire, 
1/4” 1D, 


RF Output C5: 1,000 pF = 
is C6: 0.01 uF 1/4” long 


L1: 2 turns No. L4: ae No. 
16 wire wie: 
: 3/8” ID, 


3/16” ID, ” 
1/4" long 3/8 long 


L2: Ferrite choke, Q: 2N4427 
Z = 450 ohms 
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2N4957 
2N4958 
2N4959 
2N5829 — 


2N4957 
JAN, JTX, JTXV AVAILABLE 
CASE 20-03, STYLE 10 


TO-72 (TO-206AF) MAXIMUM RATINGS 
a. a 
[cotecoreminervotege ———«dt:~Ceg -| md 
[collector Base Vote ————~S*dt— cg. | a 
30 


Collector Current —- Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C ; 


Operating and Storage Junction TJ, Tstg | —65 to +200 °C 
Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


HIGH FREQUENCY TRANSISTOR 


PNP SILICON 


[Characteristic «dC Smbot | in | ty | Mex | Une 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(Ic = 1.0 mAdc, Ig = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vde 
(I¢ = 100 pAde, Ie = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(Ie = 100 pAdc, Ic = 0) . 


Collector Cutoff Current 
(Vcp = 10 Vdc, IE = 0) 
(Vcp = 10 Vdc, Ig = 0, Ta = 150°C) 


ON CHARACTERISTICS 


DC Current Gain hFE 
(I¢ = 2.0 mAdc, VcgE = 10 Vdc) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(1) fT 
(IE = 2.0 mAdc, Vcge = 10 Vde, f = 100 MHz) 2N4957, 2N5829 1200 1600 2500 
2N4958, 2N4959 1000 1500 2500 


Collector-Base Capacitance Cob 
(Vcp = 10 Vdc, Ie = 0, f = 1.0 MHz) 


Small Signal Current Gain 
(I¢ = 2.0 mAdc, VcE = 10 Vde, f = 1.0 kHz) 


Collector Base Time Constant 
(IE = 2.0 mAdc, Vcpg = 10 Vde, f = 63.6 MHz) 


Noise Figure (Figure 1) 

(I¢ = 2.0 mAdc, VcgE = 10 Vdc, f = 450 MHz) 2N5829 
2N4957 
2N4958 
2N4959 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (Figure 1) 
(VcE = 10 Vdc, Ic = 2.0 mAdc, f = 450 MHz) 2N4957, 2N5829 


2N4958 
2N4959 


(1) ff is defined as the frequency at which |h¢g| extrapolates to unity. 
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FIGURE 1 — NOISE FIGURE AND POWER GAIN FIGURE 2 — UNILATERALIZED POWER GAIN 
TEST CIRCUIT versus FREQUENCY 


ENE] Teele cal 
Sree Stent 


C2 Vout 

mH 4 RL = 50 Ohms 
in 

Rg = 50 Ohms 


C1,C2,C3,C4,C5 1.0-10 pF Variable Air Dielectric 
Piston-Type Capacitor 
L1 Silver-Plated Brass Bar Stock 1.0 in. 
Long, 1/4" Diameter 
L2. Silver-Plated Brass Bar Stock 1.625 in. 
Long, 1/4” Diameter, Tapped 1/4” 
from Hot End 


0 
L3 0.5” Loop of #16 AWG Wire 0.375 in. 0.1 uF 7 10 20 830 50 70 100 200 300 500 700 1000 1500 
from and Parallel to L2 aE fh u é Vv 
= = Ala f, FREQUENCY (MHz) 


Gy, UNILATERALIZED POWER GAIN (dB) 
N 
Qo 


© 
VEE Vcc 


FIGURE 3 — NOISE FIGURE versus FREQUENCY FIGURE 4 — NOISE FIGURE AND POWER GAIN 
versus COLLECTOR CURRENT 
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COMMON EMITTER CIRCUIT DESIGN DATA 
(VcE = 10 Vdc, Ic = 2.0 mAdc) 


| FIGURE 7 — TRANSDUCER GAIN FIGURE 8 — LINVILL STABILITY FACTOR 
! 7 versus FREQUENCY versus FREQUENCY 
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FIGURE 9 — LOAD ADMITTANCE 
versus FREQUENCY (REAL) 


FIGURE 10 — LOAD ADMITTANCE 
versus FREQUENCY (IMAGINARY) 
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Gi, REAL PART OF LOAD ADMITTANCE (mmhos) 


0 
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f, FREQUENCY (MHz) 


0 
45 70 100 200 300 500 600 
f, FREQUENCY (MHz) 


—BL, IMAGINARY PART OF LOAD ADMITTANCE (mmhos) 


FIGURE 12 — SOURCE ADMITTANCE 
versus FREQUENCY (IMAGINARY) 


FIGURE 11 — SOURCE ADMITTANCE 
versus FREQUENCY (REAL) 


Gs, REAL PART OF SOURCE ADMITTANCE (mmhos) 
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—Bs, IMAGINARY PART OF SOURCE ADMITTANCE (mmbos) 


NOTE 1 

Figures 7 through 18 are included to assist the circuit designer in determin- 
ing the stability of his particular circuit. Two stability criteria are given in 
these figures. : 

The Linvill ‘‘C” factor* is a measure of transistor stability when the input 
and output are terminated in the worst-case (open circuit) condition. When 


* “Transistors and Active Circuits,’ Linvill and Gibbons, McGraw-Hill, 1961. 


“C" is less than 1.0, the circuit is unconditionally stable. When ‘'C’’ is greater 
than 1.0, the circuit is potentially unstable. 

The Stern ‘‘K"” factor? has been defined to determine the stability of a 
practical amplifier terminated in finite load and source admittances. If ““K”’ 
is greater than 1.0, the circuit will be stable. If less than 1.0, the circuit will 
be unstable. For further details, see Application Note AN-215A. 


t “Stability and Power Gain of Tuned Transistor Amplifiers,” Arthur P. Stern, Proc. 
1.R.£., March 1967. 
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COMMON BASE CIRCUIT DESIGN DATA 
(VcpB = 10 Vdc, Ic = 2.0 mAdc) 


FIGURE 13 —- TRANSDUCER GAIN 
versus FREQUENCY 
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FIGURE 15 — LOAD ADMITTANCE 
versus FREQUENCY (REAL) 
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FIGURE 17 — SOURCE ADMITTANCE 
versus FREQUENCY (REAL) 
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Bs, IMAGINARY PART OF SOURCE ADMITTANCE (mmhos) 


FIGURE 14 — LINVILL STABILITY FACTOR 
versus FREQUENCY 
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FIGURE 16 — LOAD ADMITTANCE 
versus FREQUENCY (IMAGINARY) 
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FIGURE 18 — SOURCE ADMITTANCE 
versus FREQUENCY (IMAGINARY) 
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fr, CURRENT-GAIN-BANDWIDTH PRODUCT (GHz) hfe, SMALL-SIGNAL CURRENT GAIN 
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_ FIGURE 19 — SMALL-SIGNAL CURRENT GAIN 
. versus FREQUENCY 
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FIGURE 21 — fy versus COLLECTOR CURRENT 


COC NR FF Dm &B OO WN 


JtEL TT INET 
Titi tt 


Vce = 10 Vde 
ee 


Ic, COLLECTOR CURRENT (mAdc) 


ETT TT TEN | 
Jt Et TT EET AL 
SRRRRREREAE 
Jit t ETT TTT 
TUTTE 


FIGURE 23 — CAPACITANCE 
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Apply reverse bias between collector 
and base and measure capacitance 
between these terminals. Emitter is 


open. open. 
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FIGURE 24 — COLLECTOR CHARACTERISTICS 


earres ESco= 
Pe Lett 


WA 


Ip = 0.02 mA/STEP Dp 
ae 


int 


=e 
pe=sesecae 


HORIZONTAL SCALE — Veg = 1.0 V/DIV 


Apply reverse bias between collector 
and base and measure capacitance 
between these terminals. Emitter is 
guarded. 


SMALL-SIGNAL DEVICES 


2N4957 @ 2N4958 e@ 2N4959 e 2N5829 


450 MHz) 
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Y PARAMETERS versus CURRENT 


COMMON BASE 


COMMON EMITTER 


Vce = 10 Vde 


VcE=15Vde — — — 


Vcgp =15Vde —— — 


Vcr = 10 Vde 


FIGURE 26 — INPUT ADMITTANCE 


FIGURE 25 — INPUT ADMITTANCE 
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FIGURE 28 
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FIGURE 30 — OUTPUT ADMITTANCE 


(soy) 
JONVLLINGY H34SNVHL ONVMHOd A 


CONIC 
CACNCELH § 
CHEN “RECEP 


GURE 29 — OUTPUT ADMITTANCE 
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FIGURE 32 


REVERSE TRANSFER ADMITTANCE 
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2N4957 @ 2N4958 @ 2N4959 @ 2N5829 


COMMON BASE y PARAMETER VARIATIONS 
(Vcg = 10 Vdc, Ic = 2.0 mAdc) 


y PARAMETERS versus FREQUENCY POLAR y PARAMETERS versus FREQUENCY 
FIGURE 33 — yj, INPUT ADMITTANCE FIGURE 34 — yjp INPUT ADMITTANCE 
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COMMON EMITTER y PARAMETER VARIATIONS 
(VCE = 10 Vde, Ic = 2.0 mAdc) 


y PARAMETERS versus FREQUENCY 
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FIGURE 47 — y,g REVERSE TRANSFER ADMITTANCE 
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POLAR y PARAMETERS versus FREQUENCY 
FIGURE 42 — yjg INPUT ADMITTANCE 
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FIGURE 48 — y,,g REVERSE TRANSFER ADMITTANCE 
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MOTOROLA SEMICONDUCTORS 


2N5031 
2N5032 


CASE 20-03, STYLE 10 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 


Collector-Base Voltage VCBO 
Emitter-Base Voltage VEBO | Vde | 
Collector Current — Continuous fic =| 20 | mAde 


Total Device Dissipation @ Ta = 25°C 200 mW 
Derate above 25°C 1.14 mW/°C 
Operating and Storage Junction TJ, Tstg | —65 to +200 i & 
Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot_ | min | typ | Max [Unit 


Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(I¢ = 1.0 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vde 
(I¢ = 0.01 mAdc, Ie = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 0.01 mAdc, Ic = 0) 
Collector Cutoff Current ICBO nAdc 
(VcB = 6.0 Vdc, IE = 0) 
ON CHARACTERISTICS 


DC Current Gain WEE 
(Ic = 1.0 mAdc, Vcg = 6.0 Vdc) 


SMALL SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 

(I¢ = 5.0 mAdc, VcgE = 6.0 Vde, f = 100 MHz) 
Collector-Base Capacitance | 

(VCE = 6.0 Vdc, ig = 0, f = 0.1 MHz) 
Collector Base Time Constant 

(I¢ = 6.0 mAdc, Vcg = 6.0 Vdc, f = 31.8 MHz) 
Noise Figure (Figure 1) 


(Ic = 1.0 mAdc, VcE = 6.0 Vde, f = 450 MHz) 2N5031 
2N5032 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


OFF CHARACTERISTICS 


FUNCTIONAL TEST 
Common-Emitter Amplifier Power Gain (Figure 1) 


(VCE = 6.0 Vdc, Ic = 1.0 mAdc, f = 450 MHz) 
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2N5031 @ 2N5032 


FIGURE 1 — POWER GAIN AND NOISE FIGURE TEST CIRCUIT FIGURE 2 — COLLECTOR-BASE CAPACITANCE versus VOLTAGE 
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Ccbh, COLLECTOR-BASE CAPACITANCE (pF) 
TTT 


ies 
1.0 
C1, C2, C4, C7 - 0.8 ~ 10 pF 
C8 - 0.5 - 3.5 pF | 
C3, C5 ~ 500 pF Button Type 
R1~ 10k Trimpot ~ vec = 
R2 - 2.7 1/4 watt 5% L3 - 1/4” Brass Rod, Solder Plated, 1-1/2" long. 0.5 
R3 - 1.0k Placed 1/2’ from the socket and in parallel a 
L1 - 1/4” Brass Rod, Solder Plated, 1-1/8” long. with shield, which bisects the socket. 
Placed 5/8” from the socket and in parallel The ungrounded side is soldered directly to Ed 
ith ield, which bisects the socket. the ungrounded side of C7. Output tap is 
The ungrounded side is soldered directly to 15/16” from ground. 0 
the ungrounded side of C2. L4 - 1/2 Turn #16, 5/16” above L3 and 5/8” 0 2.0 4.0 ; : 1 14 1 18 20 
L2 - 0.22 wH long, (over L3). 


Vcp, COLLECTOR - BASE VOLTAGE (VOLTS) 


FIGURE 4 — S74 AND S22 
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Ic, COLLECTOR CURRENT (mAdc) 
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2N5031 @ 2N5032 


FIGURE 7 — NOISE FIGURE versus FREQUENCY 


Ic = 1.0 mAdc 
Vce = 6.0 Vde 


NF, NOISE FIGURE (dB) 
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FIGURE 9 — INPUT ADMITTANCE versus FREQUENCY 


Vce = 6.0 Vde 
Ic = 1.0 mAdc 
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FIGURE 11 — FORWARD TRANSFER 
ADMITTANCE versus FREQUENCY 


VCE = 6.0 Vde 
I¢ = 1.0 mAdc 


Yfe- FORWARD TRANSFER ADMITTANCE (mmhos) 
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Gpe, GROUNDED EMITTER POWER GAIN (dB) 
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FIGURE 8 — POWER GAIN versus FREQUENCY 
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FIGURE 10 — OUTPUT ADMITTANCE versus FREQUENCY 
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FIGURE 12 — REVERSE TRANSFER 
ADMITTANCE versus FREQUENCY 
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CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 
Rating 
Collector-Emitter Voltage 


Collector-Emitter Voltage (Rafe = 100) . 
HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


Collector Current — Continuous a ae 
Total Device Dissipation @ Tc = 3.5 
Derate above 25°C 0.02 


Tstq | —65 to +200 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


po Characteristic | Symbot | Min | typ | Max | unit _| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(i¢ = 5.0 mAdc, Ree = 10 ohms) 


Collector-Base Breakdown Voltage 
(I¢ = 0.1 mAdc, Ig = 0) 


Emitter-Base Breakdown Voltage 
(le = 0.1 mAdc, Ic = 0) 


Collector Cutoff Current 
(VcE = 15 Vdc, Ip = 0) 


Collector Cutoff Current 
(VcE = 50 Vde, Veg = 0) 
(VcE = 15 Vdc, Vee = 0, Tc = 150°C) 


ON CHARACTERISTICS | 

Collector-Emitter Saturation Voltage VCE(sat) Vde 
(I¢ = 100 mAdc, IB = 10 mAdc) 

SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 50 mAdc, Vcg = 15 Vdc, f = 200 MHz) 


Output Capacitance 
(VcB = 30 Vdc, IE = 0, f = 1.0 MHz) 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (Figure 1) 
(Pout = 1.0 W, Vcc = 28 Vdc, Ic = 102 mAde, f = 1.0 GHz) 


Power Output (Figure 1) 
(Pin = 316 mW, VcE = 28 Vde, f = 1.0 Ghz) 


Collector Efficiency (Figure 1) 
(Pin = 316 mW, VcgE = 28 Vdc, f = 1.0 GHz) 


Power Output (Oscillator) (Figure 2) 
(VcE = 20 Vdc, Veg = 1.5 Vde, f = 1.68 GHz) 
(Minimum Efficiency = 15%) 
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2N5108 


FIGURE 1 — 1 GHz RF AMPLIFIER OUTPUT 
POWER TEST CIRCUIT 


Vcc = +28 V 


BIAS TRANSISTOR 


di: 1” Input line, center conductor width = 0.280” 
d2: 1” Output line, center conductor width = 0.125” 
Q: 2N5108 
R: 3.9 ohms 
T1, 72: Microlab Double Stub Tuner, or Equivalent 
Bias Tee: Microlab O8N, or Equivalent 
Transistor Mount: 1/32” Microstrip board 


Note: Impedance measurements are made at transistor socket pins. 


FIGURE 2 — 1.68 GHz RF OSCILLATOR OUTPUT 
POWER TEST CIRCUIT 


L1, L2 — 1/16” Microstrip Board. Lines are 0.16” 
wide and 1.31” long. 
L3 — 1/16” Microstrip Board. 0.16” wide and 
0.65" long. 
L4 — RF Choke, 3.6 wHy 
C1 — 0.4 pF — 6.0 pF Johanson 4640 
L4 C2 — 1.0 pF — 10 pF Johanson 4355 
C3, C4 — 25 pF Feedthru 
R — 2.0 k ohms Miniature Trim pot 


OUTPUT 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


7-32 


2N5108 


FIGURE 4 — OUTPUT POWER versus FREQUENCY 


FIGURE 3 — OUTPUT POWER versus INPUT POWER 


(SLLVM) H3MOd LNdLNO *79q 


f, FREQUENCY (GHz) 


Pin, POWER INPUT (WATTS) 


FIGURE 6 — OSCILLATOR OUTPUT POWER 


FIGURE 5 — OUTPUT POWER 
versus COLLECTOR-EMITTER VOLTAGE 


versus COLLECTOR CURRENT 
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FIGURE 8 COLLECTOR BASE 
CAPACITANCE versus VOLTAGE 


FIGURE 7 CURRENT-GAIN—BANDWIDTH 


PRODUCT versus CURRENT 
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VcB, COLLECTOR-BASE VOLTAGE (VOLTS) 


ic, COLLECTOR CURRENT (mAdc) 
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2N5109 © 


JAN, JTX, JTXV AVAILABLE 
CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


| Rating =| Symbol | Value | Unit _— 
[Collector-Emitter Voltage | Veo | 20 
[Collector-Base Voltage ————«dtVcgo | a 
[Emitter-Base Voltage =| Veep | 8 
|BaseCurent | tp] S400 S| mA 
[Collector Current —Continuous | ic =| 400 
|| ine 
mWw/°C 


Total Device Dissipation @ Tc = 75°C(1) 
Derate above 25°C 
Storage Temperature —65 to +200 


(1) Total Device Dissipation at Ta = 25°C is 1.0 Watt. 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | min | Typ | Max | Unit | 
Collector-Emitter Breakdown Voltage(2) V(BR)CER ~Vde 
(i¢ = 5.0 mAdc, Ree = 10 9) 
Collector-Emitter Sustaining Voltage V(BR)CEO Vde 
(I¢ = 5.0 mAdc, Ig = 0) 
Collector Cutoff Current ICEO pAdc 
(Vce = 15 Vdc, Ip = 0) 
Collector Cutoff Current ICEX 
(VcE = 15 Vde, Vgg = —1.5 V, Tc = 150°C) mAdc 
mAdc 
Emitter Cutoff Current pAdc 
(Vee = 3.0 Vdc, Ic = 0) 


(VcE = 35 Vdc, Veg = —1.5 V) 
ON CHARACTERISTICS 
DC Current Gain 


(Ic = 360 mAdc, Vcg = 5.0 Vde) 
(i¢ = 50 mAde, Vcg = 15 Vdc) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 50 mAdc, Vcg = 15 Vde, f = 200 MHz) 


Collector-Base Capacitance 
(VcB = 15 Vdc, Ie = 0, f = 1.0 MHz) 


Noise Figure 
(I¢ = 10 mAdc, Vcg = 15 Vde, f = 200 MHz) 


FUNCTIONAL TEST 


Common-Emitter Amplifier Voltage Gain (Figure 1) 
(I¢ = 50 mAde, Vcc = 15 Vdc, f = 50 to 216 MHz) 


OFF CHARACTERISTICS 


Power Input (Figure 2) 
(Ic = 50 mAdec, Vcc = 15 Vde, Rg = 50 ohms, 
Pout = 1.26 mW, f = 200 MHz) 


( ) Pulsed thru a 25 mH Inductor; 50% Duty Cycle. 
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2N5109 


FIGURE 1 — RF AMPLIFIER FOR VOLTAGE 
GAIN TEST CIRCUIT 


C1, C2, C3, C5 


0.002 uF 
0.03 uF 
1500 pF 

18 pF 

4.7k, /4W 
6.82, 1/2W 


Pout 
(2, = 75 2) 


T1 c8 


(SEE 
DETAIL) 


DETAIL 
OF TRANSFORMER 


O 
+VCC 


R3 330.22, 1 W 

R4 20082, 1/4W 

T1 4 Turns #30 Wire 

Bifilar wound on “Indiana General” 
Core #CF-102-01, or equivalent 


FIGURE 2 — 200 MHz TEST CIRCUIT 


Pin 
(Rg = 50 2) 


-VEE 


FIGURE 3 — CURRENT-GAIN — BANDWIDTH PRODUCT 


fT, CURRENT GAIN-BANDWIDTH PRODUCT (GHz) 


Ic, COLLECTOR CURRENT (mAdc) 


e 
+Vcc 


Pout 
(Z_, = 509) 


tp'Ce, COLLECTOR-BASE TIME CONSTANT (ps) 


C1, €2,C3 1.0— 30 pF L1 4-1/2 turns, No. 22 wire, 3/16” 1.0. 


C4 1.0- 20 pF L4 3-1/2 turns, No. 22 wire, 3/16” 1.D. 
C5 10,000 pF L2,L3 0.82 wH RFC 

C6,C7 1,000 pF R1 240 OHMS, 2 WATTS 
C8 0.01 uF 


FIGURE 4 — COLLECTOR-BASE TIME CONSTANT 
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V, VOLTAGE (VOLTS) 


Yie, INPUT ADMITTANCE (mmhos) 


Yre, REVERSE TRANSFER ADMITTANCE (mmhos) 


FIGURE 5 — SATURATION VOLTAGES 
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Ic, COLLECTOR CURRENT (mAdc) 


FIGURE 7 — INPUT ADMITTANCE versus FREQUENCY 
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FIGURE 9 — REVERSE TRANSFER ADMITTANCE 
versus FREQUENCY 
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FIGURE 6 — CAPACITANCES versus REVERSE VOLTAGE 
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Vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 8 — INPUT ADMITTANCE 
versus COLLECTOR CURRENT 
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FIGURE 10 — REVERSE TRANSFER ADMITTANCE versus 
COLLECTOR CURRENT 


Ic, COLLECTOR CURRENT (mAdc) 
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FIGURE 11 — FORWARD TRANSFER ADMITTANCE FIGURE 12 — FORWARD TRANSFER ADMITTANCE versus 
versus FREQUENCY COLLECTOR CURRENT 


Vce = 15 Vde 
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Yfe, FORWARD TRANSFER ADMITTANCE (mmhos) 
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100 | 
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FIGURE 13 — OUTPUT ADMITTANCE versus FREQUENCY FIGURE 14 — OUTPUT ADMITTANCE versus COLLECTOR 
CURRENT 


VcE = 15 Vde 
f = 200 MHz 


Yoe, OUTPUT ADMITTANCE (mmhos) 
Yoe, OUTPUT ADMITTANCE (mmbhos) 
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FIGURE 15 — INPUT REFLECTION COEFFICIENT versus FIGURE 16 — OUTPUT REFLECTION COEFFICIENT versus 
FREQUENCY FREQUENCY 
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FIGURE 17 — REVERSE TRANSMISSION FIGURE 18 —- FORWARD TRANSMISSION COEFFICIENT 
COEFFICIENT versus FREQUENCY versus FREQUENCY 
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CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


Rating «Sb [vos [Une | 
GolecortmiverVotge «Coo | aoe 
Penirsoe vote ves | 40 vee 
a 


Total Device Dissipation @ Tc = 25°C 5.0 Watts 
Derate above 25°C 28.6 mWw/°C 

Operating and Storage Junction Ty. Tstg | —65 to +200 
Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


HIGH FREQUENCY TRANSISTOR 


PNP SILICON . 


p Characteristic | Symbot | Min | typ | Max | Unit _| 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage VCEO(sus) Vde 
(Ic = 5.0 mAdc, Ig = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(le = 0.1 mAdc, Ic = 0) 
Collector Cutoff Current ICEO pAdc 
(VcE = 28 Vdc, ip = 0) 
Collector Cutoff Current ICES 0.1 mAdc 
(VcE = 60 Vdc, Vege = 0) 
Collector Cutoff Current 
(VcB = 28 Vdc, IE = 0) | 
ON CHARACTERISTICS 


DC Current Gain 10 
(Ic = 50 mAdc, Vcg = 5.0 Vdc) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 50 mAdc, Vcg = 15 Vdc, f = 200 MHz) 


Collector-Base Capacitance 
(VcB = 28 Vdc, IE = 0, f = 0.1 to 1.0 MHz) 


FUNCTIONAL TEST 


Amplifier Power Gain 
(VcE = 28 Vdc, Pin = 0.16 Watt, f = 400 MHz) 
(VcE = 28 Vde, Pj, = 50 mW, f = 175 MHz) 


Power Output 


(VcE = 28 Vdc, Pin = 0.16 Watt, f = 400 MHz) 
= 5 


(VCE = 28 Vdc, Pi, = 50 mW, f = 175 MHz) 


Collector Efficiency 
(VCE = 28 Vdc, Pin = 0.16 Watt, f = 400 MHz) 
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2N5160 


Co, C3, Cg, Cy — 1.0 — 10 pF variable 
Cg — 2400 pF feed through 
C7 — 0.004 uF 


FIGURE 2 


1.5 y 
pp fp ttt I ST 0 28 


base 
PESOS DIE 
Pt Ee 95 mw N 
in 
He LN 


FIGURE 1 — 400- MHz TEST CIRCUIT 


Cg — 0.01 pF 

Ly —30nH, 1 turn, No. 20 AWG 
Lo — 75 nH, 3 turns, No. 20 AWG 
L3 — 0.33 wH, R.F.C. 


IN 


Pout. POWER OUTPUT (WATTS) 


FIGURE 4 


REAL IMPEDANCE (OHMS) 


f, FREQUENCY (MHz) 


a aes 

Pee at SMe 

00 150 200 250 ~300~«~«O0 
f, FREQUENCY (MHz) 


Pout, POWER OUTPUT (WATTS) 


PARALLEL INPUT 


IMAGINARY IMPEDANCE (OHMS) 


Pn, POWER INPUT (mW) 


FIGURE 5 


f, FREQUENCY (MHz) 


FIGURE 7 — CURRENT-GAIN—BANDWIDTH 


FIGURE 6 — PARALLEL OUTPUT 
CAPACITANCE versus FREQUENCY 


iG! 8 a ke Gd Ol Ds Dg Pa 
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Coyt, OUTPUT CAPACITANCE (pF) 


00 150 200 250 300 400 
f, FREQUENCY (MHz) 


-f7, CURRENT-GAIN-BANDWIDTH PRODUCT (GHz) 


PRODUCT versus COLLECTOR CURRENT 


Ic, COLLECTOR CURRENT (mA) 
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2N5179 


CASE 20-03, STYLE 10 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 
Rating 


Collector-Emitter Voltage 
Applicable 1.0 to 2.0 mAdc 


Collector Current 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C © 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


pT haracteristic | Symbot | Min | Max | unit | 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage VCEO(sus) 
(I¢ = 3.0 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage V(BR)CBO 
(I¢ = 0.001 mAdc, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 2.5 
(IE = 0.01 mAdc, Ic = 0) 
Collector Cutoff Current ICBO pAdc 
0.02 
1.0 


(VcB = 15 Vdc, IE = 0) 
(VcB = 15 Vdc, Ie = 0, Ta = 150°C) 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 3.0 mAdc, VcE = 1.0 Vdc) 


Collector-Emitter Saturation Voltage VCE(sat) 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 
(I¢ = 10 mAdc, Ig = 1.0 mAdc) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(1) 
(I¢ = 5.0 mAdc, VcgE = 6.0 Vde, f = 100 MHz) 


Collector-Base Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 0.1 to 1.0 MHz) 


Small Signal Current Gain 
(i¢ = 2.0 mAdc, VcE = 6.0 Vde, f = 1.0 kHz) 


Collector Base Time Constant 
(IE = 2.0 mAdc, Vcg = 6.0 Vdc, f = 31.9 MHz) 


Noise Figure (Figure 1) 
(Ic = 1.5 mAdc, Vcg = 6.0 Vdc, Rg = 50 ohms, f = 200 MHz) 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (Figure 1) 
(VcE = 6.0 Vdc, Ic = 5.0 mAdc, f = 200 MHz) 


Power Output (Figure 2) 
(VcB = 10 Vdc, l—E = 12 mAdc, f=500 MHz) 


(1) fr is defined as the frequency at which |h¢_/ extrapolates to unity. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


7-41 
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FIGURE 1 — 200 MHz AMPLIFIER POWER GAIN 
AND NOISE FIGURE CIRCUIT 


TYPE 


1N3195 
TYPE aes, 
1N3195 > i 
oc Oo-O | L3 20-10 TO 502 
COMMON Ti c? LOAD 
= 1200 10-6.0 = 
FROM 502 ~ 91 i EXTERWAL 
SOURCE 0.02 uF ul “ iELO arr 
Ube L2 C6 
Cin C2 1 Our ard = 
= 30-35 2.0 - 10 
= . | RFC 
10k 1 0.001 wF 1.0 wH 


NF, NOISE FIGURE (dB) 


-VEE O-O O-O 
‘iz 0.1 uF T Tizoo 


L1 1-3/4 Turns, #18 AWG, 0.5” L, 0.5” Diameter 
L2 2 Turns, #16 AWG, 0.5” L, 0.5" Diameter 
L3 2 Turns, #13 AWG, 0.25” L, 0.5” Diameter (Position 1/4” from L2) 


+Vcc 


FIGURE 3 — NOISE FIGURE 
versus FREQUENCY 


Vce = 6.0 Vde 
I¢ = 1.0 mAdc 
Rs = Optimum fe 250 Ohms @ 105 and 200 ‘i 


100 Ohms @ 450 MHz 


50 100 200 300 
f, FREQUENCY (MHz) 


Rs, SOURCE RESISTANCE (OHMS) 


‘600 


500 


FIGURE 2 — 500 MHz OSCILLATOR CIRCUIT 


75 pF OUTPUT 


SEE NOTE 1 


RFC 


Note 1 — Coaxial-Line output network consisting of: 
2 General Radio Type 874-TEE or equivalent 
1 General Radio Type 874-020 Adjustable Stub or equivalent 
1 General Radio Type 874-LA Adjustable Line or equivalent 
1 General Radio Type 874-WN3 Short-circuit termination or equivalent 


Note 2 — RFC = 0.2 uH Ohmite #2-460 or equivalent 
Note 3 — Lead Number 4 (case) floating 

L1 — 2 turns #16 AWG wire, 3/8 inch OD, 1-1/4 inch long 
Q = 2N5179 


FIGURE 4 — NOISE FIGURE versus SOURCE 
RESISTANCE and COLLECTOR CURRENT 
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FIGURE 5 — NOISE FIGURE versus SOURCE 
RESISTANCE and COLLECTOR CURRENT 


600 
500 ae 


VET Te NT 


Rs, SOURCE RESISTANCE (OHMS) 


—T 


ic, COLLECTOR CURRENT (mAdc) 


MOTOROLA SEMICONDUCTORS 


7-42 


SMALL-SIGNAL DEVICES 


2N5179 


FIGURE 6 — CURRENT-GAIN-BANDWIDTH PRODUCT 


ff, CURRENT-GAIN-BANDWIDTH PRODUCT (GHz) 
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FIGURE 7 — INPUT ADMITTANCE 
versus FREQUENCY 
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FIGURE 9 — FORWARD TRANSFER 
ADMITTANCE versus FREQUENCY 


VCE = 6.0 Vdc 
Ic = 1.5 mAdc 


Yfe, FORWARD TRANSFER ADMITTANCE (mmhos) 
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FIGURE 8 — OUTPUT ADMITTANCE 
’ versus FREQUENCY 
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FIGURE 10 — REVERSE TRANSFER 
ADMITTANCE versus FREQUENCY 


VceE = 6.0 Vdc 
ic = 1.5 mAdc 


Yre. REVERSE TRANSFER ADMITTANCE (mmhos) 
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FIGURE 11— S47, INPUT REFLECTION COEFFICIENT 
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FIGURE 13 —S42, REVERSE TRANSMISSION COEFFICIENT 
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FIGURE 12—S 22, OUTPUT REFLECTION COEFFICIENT 
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FIGURE 14 — S27, FORWARD TRANSMISSION COEFFICIENT 
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FIGURE 15—S 41, INPUT REFLECTION COEFFICIENT AND S99, OUTPUT REFLECTION COEFFICIENT 
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2N5583 


JAN, JTX, JTXV AVAILABLE 
CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


it 


HIGH FREQUENCY TRANSISTOR 


PNP SILICON 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Operating and Storage Junction Ty, Tstg —65 to +200 aC 
Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Characteristic ee eS ee 
Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(I¢ = 10 mAdc, Ig = 0) . 
Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 10 wAde, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 
(iE = 100 wAdc, Ic = 0) 
Collector Cutoff lish . ICBO nAdc 
(VcB = 20 Vdc, Ig = 
Emitter Cutoff Current pAdc 
(VER = 2.0 Vdc, Ic = 
ON CHARACTERISTICS 
DC Current Gain(1) hFE 
(I¢ = 40 mAdc, VcgE = 2.0 Vdc) 20 
(Ic = 100 mAdc, VcgE = 2.0 Vdc) te 
(I¢ = 300 mAdc, VcgE = 5.0 Vdc) 
Collector-Emitter Saturation Voltage(1) VCE(sat) 
(I¢ = 100 mAdc, Ip = 10 mAdc) 
Base-Emitter On Voltage(1) VBE(on) 0.8 
(I¢ = 100 mAdc, Vcg = 2.0 Vdc) 
SMALL SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 
(Ic = 40 mAdc, Vcg = 10 Vdc, f = 100 MHz) 
(I¢ = 100 mAdc, Vcg = 10 Vde, f = 100 MHz) 
Collector-Base Capacitance 
(VcB = 15 Vde, Ie = 0, f = 100 kHz) 
Emitter-Base Capacitance 
(VEB = 0.5 Vde, Ic = 0, f = 100 kHz) 
Collector Base Time Constant 
(Ic = 50 mAdc, Vcg = 10 Vde, f = 63.6 MHz) 
SWITCHING CHARACTERISTICS (FIGURE 10) 
Turn-On Delay Time 
ost (Vcc = 31.4 Vde, Ic = 150 mAdc, 
Re < 160 Ohms, Re = 266 Ohms) 


Fall Time 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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FIGURE 1 — OC CURRENT GAIN 
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FIGURE 3 — “ON” VOLTAGES 
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FIGURE 5 — CAPACITANCES 
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FIGURE 2 — COLLECTOR SATURATION REGION 
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FIGURE 4 — COLLECTOR CURRENT versus BASE VOLTAGE 
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FIGURE 6 — TEMPERATURE COEFFICIENTS 
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FIGURE 7 — CURRENT-GAIN—BANDWIDTH PRODUCT FIGURE 8 — COLLECTOR-BASE TIME CONSTANT 
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Ta = 25°C 
f= 63.6 MHz 


2000 


th Cc, COLLECTOR-BASE TIME CONSTANT (ps) 


fy, CURRENT-GAIN-BANDWIDTH PRODUCT (MHz) 


300 , 
5.0 7.0 100 200 300 0 8610 20 30 40 50 60 70 +«(.80 £90 100 
Ic, COLLECTOR CURRENT (mA) ic, COLLECTOR CURRENT (mA) 
FIGURE 9 — SWITCHING TIMES FIGURE 10 — SWITCHING TIMES TEST CIRCUIT 


-Vec ~ 30 V 


3 Vin 
w a a 
= Vin = -5.0 Vde 
PW = 100 ns J 
Duty Cycle = 2. 0% . Re 
10 20 30 50 100 200 300 500 1000 
ic, COLLECTOR CURRENT (mA) 
50 | 526 
150 | 160 
300 | 78 
500 | 46.5 
2N5829 For Specifications see 2N4957 Data. 
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2N5835 
2N5836 
2N5837 


2N5835 
CASE 20-03, STYLE 10 
TO-72 (TO-206AF) 


aos [a [Un 


2N5836, 2N5837 
CASE 26-03, STYLE 1 
TO-46 (TO-206AB) 


ZA. 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


OFF CHARACTERISTICS 


Collector-Base Breakdown Voltage 
(Ic = 10 wAdc, IE = 0) 2N5835 


MAXIMUM RATINGS 
Collector-Base Voltage VCBO Be) 
Total Device Dissipation 
Derate above 25°C 
2.0 Watts 
Derate above 25°C ‘3 i 11.43 acca 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 
Emitter-Base Breakdown Voltaye V(BR)EBO 
(I—E = 100 wAdc, Ic = 0) 
(VcB = 7.5 Vde, IE = 0) 2N5835 
Emitter Cutoff Current puAdc 
(VERB = 3.0 Vdc, Ic = 0) 
(I¢ = 10 mAdc, Vce = 6.0 Vdc) 2N5835 
Base-Emitter On Voltage VBE(on) 
(i¢ = 100 mAdc, VcE = 3.0 Vdc) | 2N5837 
(Ic = 10 mAdc, VcgE = 6.0 Vde, f = 200 MHz) 2N5835 
Collector-Base Capacitance 


Emitter-Base Voltage VEBO 28 | 
Total Device Dissipation 
Characteristic Symbol | Min | typ [| Max [Unit _| 
(Ic = 100 pAdc, IE = 0) 2N5836 
(VcB = 10 Vdc, Ig = 0) 2N5836 
ON CHARACTERISTICS 
(Ic = 50 mAdc, Vcg = 6.0 Vdc) 2N5836 
(I¢ = 10 mAdc, VcgE = 6.0 Vdc) 2N5835 
SMALL SIGNAL CHARACTERISTICS 
(Ic = 50 mAdc, VcE = 6.0 Vdc, f = 200 MHz) 2N5836 
(VcB = 10 Vdc, Ie = 0, f = 0.1 to 1.0 MHz) 2N5835 


Collector-Emitter Voltage VCEO | 10 | 
Collector Current — Continuous | ic | 15 | 
@ Ta = 25°C 200 
1.14 
Storage Temperature —65 to +200 
V(BR)CBO | Vde 
15 
15 
2N5837 10 
Collector Cutoff Current ICBO pAdc 
: . 
(Vcp = 5.0 Vde, IE = 0) 2N5837 
DC Current Gain 
(Ic = 100 mAdc, VcE = 3.0 Vdc) 2N5837 
(Ic = 50 mAdc, VcgE = 6.0 Vdc) 2N5836 
Current-Gain — Bandwidth Product(1) 
(I¢ = 100 mAdc, VcgE = 3.0 Vdc, f = 200 MHz) 2N5837 
2N5836 


(Vcp = 5.0 Vdc, IE = 0, f = 0.1 to 1.0 MHz) 2N5837 


Collector Base Time Constant(2) 
(I¢ = 10 mAdc, Vcg = 6.0 Vdc, f = 63.6 MHz) 2N5835 
(i¢ = 50 mAdc, Vcg = 6.0 Vdc, f = 63.6 MHz) 2N5836 
(I¢ = 100 mAdc, VcE = 3.0 Vdc, f = 63.6 MHz) 2N5837 
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2N5835 @ 2N5836 @ 2N5837 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


| Characteristic | Symbot_ | min | typ | Max | Unit _| 


SWITCHING CHARACTERISTICS(2) 


Rise Time (Figure 1) 
(I¢ = 10 mAdc) 2N5835 


(I¢ = 40 mAdc) 2N5836 
(I¢ = 100 mAdc) 2N5837 


(1) f7 is defined as the frequency at which |h¢¢| extrapolates to unity. 
(2) Typical values shown in addition to JEDEC Registered Data. 


FIGURE 1 — SWITCHING TIME TEST CIRCUIT 


To Oscilloscope Vertical Inputs 


(Tektronix 568 or Equivalent) 
Vin 
/ \ Channel 1 
0 Vin 


. tr, te < 0.5 ns 


RL 
Ohms 


ce oe rj 
itp 
200 


This test set-up is designed to simulate 
a cascade of identical stages. Rg = Ry 
RL Vin = Vout = 1.0V 
Oref is a transistor of the 
same type as the transistor 
under test. 


-0.5 Vdc 


-4.5 Vde — 2N5835, 2N5836 
O -2.5 Vde — 2N5837 


FIGURE 3 — CURRENT-GAIN—BANDWIDTH PRODUCT 
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FIGURE 4 — CURRENT-GAIN—BANDWIDTH PRODUCT FIGURE 5 — CURRENT-GAIN—BANDWIDTH PRODUCT 
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FIGURE 6 — COLLECTOR-BASE TIME CONSTANT FIGURE 7 — COLLECTOR-BASE CAPACITANCE 
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2N5835 SCATTERING PARAMETERS 
(Ic = 5.0 mAdc, Vcg = 6.0 Vdc, ZG = Zr = 50 Ohms) 


FIGURE 8 — S44, INPUT REFLECTION COEFFICIENT FIGURE 9 — S99, OUTPUT REFLECTION COEFFICIENT 
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2N5835 @ 2N5836 @ 2N5837 


FIGURE 10 — S12, REVERSE TRANSMISSION COEFFICIENT 
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FIGURE 11 — S94, FORWARD TRANSMISSION COEFFICIENT 
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2N5836 SCATTERING PARAMETERS 
(I¢ = 100 mAdc, Vcg = 10 Vde, ZG = Z, = 50 Ohms) 


FIGURE 12 — S44, INPUT REFLECTION COEFFICIENT 
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FIGURE 13 — S92, OUTPUT REFLECTION COEFFICIENT 
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FIGURE 14 — S42, REVERSE TRANSMISSION COEFFICIENT FIGURE 15 — S21, FORWARD TRANSMISSION COEFFICIENT 
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2N5837 SCATTERING PARAMETERS 
(Ic = 100 mAdc, VcE = 3.0 Vdc, ZG = ZL = 50 Ohms) 


FIGURE 16 — S74, INPUT REFLECTION COEFFICIENT FIGURE 17 — Sg2, OUTPUT REFLECTION COEFFICIENT 
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FIGURE 18 — S42, REVERSE TRANSMISSION COEFFICIENT FIGURE 19 — S31. FORWARD TRANSMISSION COEFFICIENT 
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2N5943 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 
Rating 


Collector Current — Continuous 
Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


po Characteristic | Symbot | Min | typ | Max | unit _| 
OFF CHARACTERISTICS 


ON CHARACTERISTICS 


DC Current Gain (Ic = 50 mAdc, Vcg = 15 Vdc) 


Collector-Emitter Saturation Voltage (Ic = 100 mAdc, Ip = 10 mAdc) VCE(sat) | — | 015 | 02 | vac | 
Base-Emitter Saturation Voltage (Ic = 100 mAdc, Ip = 10 mAdc) VBE(sat) a 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 25 mAdc, Vcg = 15 Vdc, f = 200 MHz) 
(Ic = 50 mAdc, Vcg = 15 Vdc, f = 200 MHz) 
(ic = 100 mAdc, Vcg = 15 Vde, f = 200 MHz) 


Collector-Base Capacitance 
(VcB = 30 Vdc, IE = 0, f = 100 kHz) 


Emitter-Base Capacitance 
(Veg = 0.5 Vde, Ic = 0, f = 100 kHz) 


Small Signal Current Gain 

(I¢ = 50 mAdc, Vcg = 15 Vdc, f = 1.0 kHz) 
Collector Base Time Constant 

(le = 50 mAdc, Vcp = 15 Vdc, f = 31.8 MHz) 


Noise Figure 
(Ic = 30 mAdc, Vcg = 15 Vdc, f = 200 MHz) (Figure 1) 
(Ic = 35 mAdc, Vcg = 15 Vdc, f = 200 MHz) (Figure 6) 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain 
(I¢ = 10 mAdc, Vcg = 15 Vde, f = 200 MHz) (Figure 1) 
(I¢ = 50 mAdc, VcgE = 15 Vdc, f = 250 MHz) (Figure 6) 


Intermodulation Distortion 
(I¢ = 50 mAdc, VcgE = 15 Vdc, Voyt = +50 dBmV) 


Cross Modulation Distortion 
(I¢ = 50 mAdc, Vcg = 15 Vdc, Voyt = +40 dBmvV) 
(I¢ = 50 mAdc, Vcg = 15 Vde, Voyt = +50 dBmvV) 
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ff, CURRENT GAIN-BANOWIDTH PRODUCT (GHz) 


V, VOLTAGE (VOLTS) 
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FIGURE 1 — NARROW-BAND TEST CIRCUIT 


50 Ohms 
INPUT 


Ic, COLLECTOR CURRENT (mAdc) 


FIGURE 4 — SATURATION VOLTAGES 
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T 0.001 uF 


Tp'Cc, COLLECTOR-BASE TIME CONSTANT (ps) 


C, CAPACITANCE (pF) 
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0.47 0.001 uF 
wH 


0.001 uF 


50 Ohms 
OUTPUT 


L1 = 2 turns #20 wire 
1/4” 1D, 3/16" long 

L2 = 5 turns #18 wire 
1/4” 1D, 5/8” long, 
tapped 1-3/4 turns 
from collector 

All capacitors in pF 

unless otherwise noted. 


FIGURE 3 — COLLECTOR-BASE TIME CONSTANT 


Ic, COLLECTOR CURRENT (mAdc) 


FIGURE 5 — CAPACITANCES versus REVERSE VOLTAGE 
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FIGURE 6 — BROADBAND TEST CIRCUIT 
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FIGURE 9 — NARROWBAND NOISE FIGURE versus 
COLLECTOR CURRENT 
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CROSS-MODULATION DISTORTION (dB) 
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FIGURE 10 — NARROWBAND NOISE FIGURE versus 
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Yie. INPUT ADMITTANCE (mmhos) NF, NOISE FIGURE (dB) 


Yre, REVERSE TRANSFER ADMITTANCE (mmhos) 


FIGURE 11 — BROADBAND NOISE FIGURE versus © 
COLLECTOR CURRENT 
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FIGURE 13 — INPUT ADMITTANCE versus FREQUENCY 
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FIGURE 12 — NARROWBAND NOISE FIGURE versus 
FREQUENCY 
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FIGURE 14— INPUT ADMITTANCE 
versus COLLECTOR CURRENT 
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FIGURE 16 — REVERSE TRANSFER ADMITTANCE versus 
COLLECTOR CURRENT 
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FIGURE 17 — FORWARD TRANSFER ADMITTANCE FIGURE 18 — FORWARD TRANSFER ADMITTANCE versus 
versus FREQUENCY COLLECTOR CURRENT 
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FIGURE 20 — OUTPUT ADMITTANCE versus COLLECTOR 
FIGURE 19 — OUTPUT ADMITTANCE versus FREQUENCY CURRENT 
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FIGURE 21 — INPUT REFLECTION COEFFICIENT versus FIGURE 22 — OUTPUT REFLECTION COEFFICIENT versus 
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FIGURE 23 — REVERSE TRANSMISSION 
COEFFICIENT versus FREQUENCY 


FIGURE 24 — FORWARD TRANSMISSION COEFFICIENT 
versus FREQUENCY 
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FIGURE 25 — INPUT REFLECTION COEFFICIENT AND OUTPUT REFLECTION 
COEFFICIENT versus FREQUENCY 
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CASE 244A-01, STYLE 1 
TO-117 (TO-232AA) 


MAXIMUM RATINGS 


| Collector-Base Voltage | Vcpo | 40 


Total Device Dissipation @ Tc = 25°C 5.0 
Derate above 25°C 28.6 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


Collector-Base Breakdown Voltage (ic = 100 wAdc, IE = 0) 


Emitter-Base Breakdown Voltage (i— = 100 uwAdc, Ic = 0) 


ON CHARACTERISTICS 

DC Current Gain (Ic = 75 mAdc, Vor = 20 Vdc) | ohre =| oe | hc | co | 
| Collector-Emitter Saturation Voltage (Ic = 200 mAdc, Ip = 20mAdc) | Vce(sat) | — | 02 | 035 | vac _| 
ee RTT 


SMALL SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 
(Ic = 75 mAdc, Vce = 20 Vdc, f = 200 MHz) 
Collector-Base Capacitance 
(VcB = 30 Vdc, Ie = 0, f = 100 kHz) 
Emitter-Base Capacitance 
(VERB = 0.5 Vdc, Ic = 0, f = 100 kHz) 
Small Signal Current Gain 
(I¢ = 75 mAdc, Vcg = 20 Vdc, f = 1.0 kHz) 
Collector Base Time Constant 
(IE = 75 mAdc, Vcg = 20 Vdc, f = 31.8 MHz) 
Noise Figure 
(I¢ = 50 mAdc, VcE = 20 Vdc, f = 200 MHz) (Figure 1) 
(Ic = 50 mAdc, VcgE = 20 Vdc, f = 200 MHz)(1) (Figure 2) 
(Ic = 75 mAdc, Vcg = 20 Vdc, f = 200 MHz)(1) (Figure 2) 
FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (Figure 2) 
(I¢ = 75 mAdc, VcgE = 20 Vdc, f = 250 MHz) 


Intermodulation Distortion (Figure 2) 
(I¢ = 75 mAdc, Vcge = 20 Vdc, Vout = +50 dBmvV) 


Cross Modulation Distortion (Figure 2) 
(ic = 75 mAdc, VcE = 20 Vde, Vout = +50 dBmvV) 


(1) Includes noise figure of post-amplifier and matching pad. 
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FIGURE 1 — NARROWBAND TEST CIRCUIT FIGURE 2 — BROADBAND TEST CIRCUIT 
yo3 


2 
ao] 
long 
4 
pe] 
ww 
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vs 


Vcc 
cs : 
T OV C1, C2 0.5-6.0 pF L4 ; #30 AWG Trifitar Wound 
= Tv EE C3, C7 1500 pF Underwood 1:9:9 Stackpole 57-0985, #11 Toroid 
cl = C4,05,CB 0.01 nF 
C1, C2, C3 1.0-20 pF C6 470 pF L6 Ferrite Choke, 3 Turns #30 on 
| C4,C14,C15 = 1.0-10 pF 12 1-1/2 Turns AWG #18, 1/4°'1.D., ul 3 Turns #20 AWG, 5/32” 1.D. Stackpole 57-0156 Bead 
C5, C8, C9 470 pF 3/16" Long L2 0.84 uH, Ohmite 2235 R1 20 Ohms 
C6,C10,C1) 0.001 uF L3 9-3/4 Turns AWG #18, 3/16” I.0., 13 5 Turns #26 AWG, 5/32” 1.0. R2 68 Ohms 
C7, C013 0.01 uF 1" Long R3 150 Ohms 
C12 0.1 uF Tapped 1-3/4 Turns from Collector End R4 360 Ohms 
LI 3 Turns AWG #18, 1/4° 1.D., L4,L5 0.47 wH Molded Choke 
5/16” Long R1, R2 10 Ohms 
FIGURE 3 — CURRENT-GAIN—BANDWIDTH PRODUCT FIGURE 4 — CAPACITANCES 
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FIGURE 5 — COLLECTOR-EMITTER SATURATION VOLTAGE FIGURE 6 — BASE-EMITTER SATURATION VOLTAGE 
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FIGURE 7 — NARROWBAND NOISE FIGURE versus CURRENT FIGURE 8 — BROADBAND NOISE FIGURE versus CURRENT 


f = 200 MHz 
Rs < 50 Ohms 


VceE = 20 Vde 
f = 200 MHz 


NF, NOISE FIGURE (dB) 
NF, NOISE FIGURE (dB) 


ic, COLLECTOR CURRENT (mAdc) Ic, COLLECTOR CURRENT (mAdc) 


FIGURE 9 — NOISE FIGURE TEST SETUP 


NOISE-FIGURE VHF NOISE AMPLIFIER MINIMUM- 200 MHz 
CABLE UNDER NARROWBAND 
METER DIODE aves LOSS PAD aus 
H-P 342A HP 343A ) TEST 75.2 57 dB 50.2 AMPLIFIER 


(FIGURE 2) (50 dB GAIN) 


NOTE 1. RG-59 CABLE WITH ORIGINAL CENTER CONDUCTOR REPLACED WITH 
#30 WIRE. OVERALL LENGTH, INCLUDING BNC CONNECTORS, ISA 
QUARTER-WAVELENGTH AT 200 MHz (APPROX. 11 INCHES). USED TO 
MATCH IMPEDANCE OF NOISE DIODE TO AMPLIFIER UNDER TEST. 


THE NOISE FIGURE OF THE POST-AMPLIFIERS AND MINIMUM LOSS 
PAD IS 8.4 dB. 


FIGURE 10 — INTERMODULATION DISTORTION TEST SETUP 


CHANNEL 2 
GENERATOR 


CHANNEL G ADJUSTABLE AMPLIFIER ADJUSTABLE 10 48 FIELD 
GENERATOR COMBINER ATTENUATOR UNDER TEST ATTENUATOR ATTENUATOR STRENGTH 
' #1 (FIGURE 2) #2 METER 


CHANNEL 13 
GENERATOR MEASUREMENT PROCEDURE 
1. ADJUST CHANNEL 2 GENERATOR FOR RATED OUTPUT FROM TEST 3. TURN CHANNEL 13 OFF AND DRIVE THE TEST AMPLIFIER 
AMPLIFIER (CHANNELS G & 13 OFF). WITH CHANNELS 2 & G. MEASURE THE LEVEL OF INTERMODULATION 
2. REPEAT FOR CHANNEL G (2 & 13 0FF) AND CHANNEL 13 (2& G OFF). Ba te) ONE Te REGO TIVE ROPTHE RERERENCE EVEL 
NOTE FOR REFERENCE THE FIELD STRENGTH METER READING FOR IN STEP 2. 


CHANNEL 13 (2 & G OFF). 


FIGURE 11 — CROSS MODULATION DISTORTION TEST SETUP 


CROSS-MODULATION ADJUSTABLE AMPLIFIER | ADJUSTABLE aaa LOCK-IN 
EQUIPMENT ATTENUATOR UNDER TEST ATTENUATOR es AMPL. P.A.R. 
SKL MO | 
DEL 7224 #1 (FIGURE 2) #2 ene aie MODEL HR-8 
MEASUREMENT PROCEDURE 
1. ADJUST THE CROSSMODULATION EQUIPMENT FOR +50 dBmV OUTPUT 3. WITH THE FIELD STRENGTH METER SELECT CHANNEL 13. USING 
FROM EACH CHANNEL. THE WAVE ANALYZER MEASURE THE LEVEL OF THE MODULATION 
2. ADJUST ATTENUATOR #1 FOR THE DESIRED OUTPUT LEVEL FROM ON CHANNEL 13 DUE TO CROSS-MODULATION OF CHANNELS 2-12. 


THE TEST AMPLIFIER. ADJUST ATTENUATOR #2 TO MAINTAIN THE 
FIELD STRENGTH METER INPUT AT +10 dBmvV. 
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CROSS MODULATION (dB) -- 


FIGURE 12 — CROSS MODULATION DISTORTION 
versusOUTPUTLEVEL ~ 
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_ FIGURE 13 — CROSS MODULATION DISTORTION 


versus CUR RENT 
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CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 
Rating 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


po Characteristic | Symbol | Min | Typ | Max | Unit _| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(I¢ = 10 mAdc, Ip = 0) . 
Collector-Emitter Breakdown Voltage V(BR)CES Vdc 
(I¢ = 5.0 mAdc, Vege = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 1.0 mAdc, Ic = 0) 
Collector Cutoff Current ICBO mAdc 
(VcB = 15 Vdc, Ie = 0) 
Collector Cutoff Current ICES mAdc 
(VcE = 15 Vde, Veg = 0, Tc = 55°C) 


ON CHARACTERISTICS 


DC Current Gain hFE 
(I¢ = 250 mAdc, VcgE = 5.0 Vdc) 


SMALL SIGNAL CHARACTERISTICS 


Output Capacitance ~ 
(VcB = 12.5 Vde, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TEST (FIGURE 1) 


Common-Emitter Amplifier Power Gain 
(Pout = 3.0 W, Voc = 12.5 Vde, f = 175 MHz) 


Collector Efficiency 
(Pout = 3.0 W, Vcc = 12.5 Vde, f = 175 MHz) 
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FIGURE 1 — 175 MHz CIRCUIT 


+ 
12.5 Vde 


C1,3  2.0-50 pF ARCO 461 ELMENCO 

C2,4 5.0-80 pF ARCO 462 ELMENCO 

C5 1000 pF FEED THRU 

C6 5.0 uF 

L1 1 TURN #18 AWG %”' |.D. 

L2 2% TURNS #18 AWG %’'1.D. 

RFC? 0.15 4H MOLDED CHOKE 
“WITH BEAD ON GROUND LEG 

RFC2 0.15 4H MOLDED CHOKE 


BEAD IS FERROXCUBE 
56-570-65/3B 


FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE 


a A 2 
q ar] 
cE itl = 
5 ee = 
Oo 

a. | Oo 
= 7 = 
> = 
pa a. 
> 5 
3 Ff { | 2 
2 an 2 

0 150 300 450 600 
Pin, INPUT POWER (mW) Vcc, SUPPLY VOLTAGE (VOLTS) 
FIGURE 5 — PARALLEL EQUIVALENT OUTPUT 
FIGURE 4 — COLLECTOR LOAD versus FREQUENCY CAPACITANCE versus FREQUENCY 


Rc_, COLLECTOR LOAD RESISTANCE (OHMS) 
Cout, PARALLEL EQUIVALENT 
OUTPUT CAPACITANCE (pF) 


f, FREQUENCY (MHz) f, FREQUENCY (MHz) 
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FIGURE 6 — PARALLEL EQUIVALENT FIGURE 7 — PARALLEL EQUIVALENT 
INPUT CAPACITANCE versus FREQUENCY INPUT RESISTANCE versus FREQUENCY 


Pout = 3.0 W 


od few | 


Cin, PARALLEL EQUIVALENT 
INPUT CAPACITANCE (pF) 
o 
ao 


Rin. PARALLEL EQUIVALENT 
INPUT RESISTANCE (OHMS) 


0 : 
125 150 175 200 225 125 150 175 200 225 
f, FREQUENCY (MHz) f, FREQUENCY (MHz) 
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2N6256 


CASE 249-05, STYLE 1 


MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage VCEO | 16 de 
Collector-Base Voltage VCBO 


UHF AMPLIFIER TRANSISTOR 


NPN SILICON 


Storage Temperature -65 to +200 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


CC haracterste «yb | win | typ | Mx [Une 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voitage V(BR)CEO Vdc 
(Ic = 5.0 mAdc, Ig = 0) | 
Collector-Emitter Breakdown Voltage V(BR)CES Vde 
(Ic = 5.0 mAdc, Vee = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(l_ = 1.0 mAdc, Ic = 0) | 
Collector Cutoff Current ICBO mAdc 
(VcB = 15 Vde, Ie = 0) 
Collector Cutoff Current ICES mAdc 
(VcE = 15 Vdc, Vee = 0, Ta = 125°C) 


ON CHARACTERISTICS 


DC Current Gain hFE 20 200 
(Ic = 50 mAdc, Vcg = 5.0 Vdc) 


SMALL SIGNAL CHARACTERISTICS 


Output Capacitance 
(VcB = 12.5 Vde, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (Figures 1, 6) 
(Pout = 0.5 W, Vcc = 12.5 Vde, f = 470 MHz) 


Collector Efficiency (Figures 1, 6) 
(Pout = 0.5 W, Vcc = 12.5 Vde, f = 470 MHz) 
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FIGURE 1 — 470 MHz TEST CIRCUIT SCHEMATIC 


1000 pF 
Feedthru 


1000 pF 
Feedthru 


RF 
Output 


NOTE: Test Circuit Layout and Component 
Descriptions Shown in Figure 6. 


Typical Output Power curves were measured in 


circuit shown in Figure 6. 


FIGURE 3 — OUTPUT POWER 
versus INPUT POWER 


FIGURE 2 — OUTPUT POWER 
versus FREQUENCY 
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FIGURE 6 — 470 MHz TEST CIRCUIT LAYOUT 
(See Figure 1 for Schematic Diagram) 
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C3, C4 1.0-25 pF ARCO 421 or Equivalent 

L1, L2 7 Turns #22 AWG, 0.2” 1.D. 
Ferrite Bead FERROXCUBE 56-590-65-3B 
as shown on L1 


2 
1 
1 


OC Supply Filter 

-1000 pF FT Capacitor 
-1.0 uF, 35 V Capacitor 
-Choke FERROXCUBE 


+12.5 Vde 


RF Output 


CE METIS GAD AAI EAGT LTUI 


Connectors are Type ‘‘N”’ 

Board is Glass Teflon 

3°° x 5” x 0.060" 

Mounting Plate is 3". x 5'' x 0.75” 


VK 200-20-4B8 


FIGURE 7 — 150 MHz to 450 MHz 
TRIPLER USING 2N6256 


C11 


C1,C2,C3,C9,C10 1-7 pF ARCO 400 or Equivalent C13 


C6,C7_ = 1.5-20 pF ARCO 402 or Equivatent R1 
C4,C5 470 pF ATC Type 100-8-420-m-ms R2,R3 
C8 1000 pF UNDERWOOD Type J-101 1 

C11 0.47 uF TANTALUM L2 
C12,C14 470 pF Feedthru L3 


L8 


+ 12.5 Vde 


5 Turns 1/4’' 1.D. 


0.1 uF Ceramic L4 
20 Ohm L5 6 Turns 1/8” $.D. 
160 Ohm L7 1 MH Molded Choke 
7 Turns 1/4” 1.0, L8 FERROXCUBE VK200-20/48 
6-4 Turns 1/8" 1.0. ; L9 Ferrite Bead, FERROXCUBE 56-590-65/38 


0.68 wH Molded Choke 


NOTE: All-coils air core space wound with #20 AWG Wire, unless otherwise specified. 


Figure 7 shows the 2N6256 in a 150 MHz to 450 MHz tripler 
circuit. This circuit will typically produce 85 mW at 450 MHz with 
30 mW at 150 MHz input (4.5 dB gain). Collector efficiency is 
25% and all unwanted harmonics are at least 30 dB down from 
the 450 MHz output level. 


It is important that each emitter lead be bypassed separately 
with a good hi-quality capacitor. The emitter resistor is likewise 
split in two with one-half on each emitter lead. 
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The input network is a modified “TEE” consisting of C1, C2, 
and L1, which matches the 50 Ohm input to the transistor 
impedance at 150 mc; this is roughly 18-;20 Ohms. The combi- 
nation of L2 and C3 forma 450 MHz idler to provide a base return - 
for third harmonic current. L4, C6 and L5, C7 are 150 MHz and 
300 MHz output idlers respectively. The output matching section 
is a pi network made up of L6, C9 and C10. All coils are air core 
space-wound (turns one wire diameter apart) with #20 AWG wire. 
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CASE 20-03, STYLE 10 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 


| Rating | Symbol | Value | Unit | 
[Collector-Emitter Voltage | Vceo | 8 | Vide 
[Collector-Base Voltage | Vcpo | 80 |e 
|Emitter-Base Voltage | Vewo | 30 | Vd 
eae a ee 


mAdc 


Total Device Dissipation @ Ta = 25°C mW 
Derate above 25°C mWw/°C 


Storage Temperature —65 to +200 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


2) 
oO 
o 
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° 
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oO 
Cc 
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~ 
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3° 
| 
=. 
3 
Cc 
) 
og 
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ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


a 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vde | 
(Ic = 5.0 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 0.1 mAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 0.1 mAdc, Ic = 0) . 

Collector Cutoff Current ICBO nAdc 
(VcB = 5.0 Vde, IE = 0) 

ON CHARACTERISTICS 


DC Current Gain hFE 
(I¢ = 2.0 mAdc, VcE = 5.0 Vdc) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 10 mAdc, Veg = 5.0 Vdc, f = 100 MHz) 2N6304 
2N6305 - 


Collector-Base Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 


Small Signal Current Gain 
(I¢ = 2.0 mAdc, Vcg = 5.0 Vde, f = 1.0 kHz) 


Collector Base Time Constant 
(IE = 2.0 mAdc, Vcp = 5.0 Vdc, f = 31.8 MHz) ; 2N6304 
2N6305 


Noise Figure 
(Ic = 2.0 mAdc, Vcg = 5.0 Vdc, Rg = 50 ohms, 
f = 450 MHz) (Figure 1) 2N6304 
2N6305 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain 


(I¢ = 2.0 mAdc, VcgE = 5.0 Vdc, f = 450 MHz) (Figure 1) 2N6304 
2N6305 
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2N6304 e 2N6305 


aes 
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Capacitance values in p 


L1, L2 — Silver-plated brass rod, 1-1/2" tong and 1/4” dia. Install (C) 


at least 1/2” from nearest vertical chassis surface. 
L3 ~ 1/2 turn #16 AWG wire, located 1/4” from and 
parallel to L2. 


FIGURE 1 — TEST CIRCUIT FOR NOISE FIGURE AND POWER GAIN 


* — External interlead shield to isolate collector lead from 


emitter and base leads. 
Neutralization Procedure: 


(A) Connect 450-MHz signal generator (with Rg=50 ohms) —(F) 


to input terminals of amplifier. 


(B) Connect 50-ohm RF voltmeter across output terminals 


of amplifier. 


Apply VEE, and with signal generator adjusted for 5 mV 
output from amplifier, tune C1, C3, and C4 for 
maximum output. 

Interchange connections to signal generator and 

RF voltmeter. 

With sufficient signal applied to output terminals of 
amplifier, adjust C2 for minimum indication at input. 
Repeat steps (A), (B), and (C) to determine if retuning 
is necessary. 


FIGURE 2 — COLLECTOR-BASE CAPACITANCE 
versus COLLECTOR BASE VOLTAGE 
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Cop, COLLECTOR-BASE CAPACITANCE (pF) 
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Vcp, COLLECTOR-BASE VOLTAGE (VOLTS) 


FIGURE 3 — CURRENT-GAIN-BANDWIDTH 
PRODUCT versus COLLECTOR CURRENT 


fT, CURRENT GAIN — BAND WIDTH 
PRODUCT (MHz) 
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Ic, COLLECTOR CURRENT (mAdc) 
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FIGURE 4 — COLLECTOR-BASE TIME 
CONSTANT versus EMITTER CURRENT 


th Cc, COLLECTOR-BASE TIME CONSULTANT (ps) 


le, EMITTER CURRENT (mAdc) 
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FIGURE 5 — REVERSE TRANSFER FIGURE 6 — INPUT ADMITTANCE 
ADMITTANCE versus FREQUENCY versus FREQUENCY 
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FIGURE 7 — OUTPUT ADMITTANCE FIGURE 8 — FORWARD TRANSFER 
versus FREQUENCY ADMITTANCE versus FREQUENCY 
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2N6304 @ 2N6305 


FIGURE 9 — S44, INPUT REFLECTION FIGURE 10 — S99, OUTPUT REFLECTION 
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2N6603 


JAN, JTX, JTXV AVAILABLE 
CASE 303-01, STYLE 1 


MAXIMUM RATINGS (Ta = 25°C Free Air Temperature) 
| Rating =| Symbot | Value | unit 
| Collector-Emitter Voltage | Veeco | 15 | de 
| Collector-Base Voltage | Vcpo | | 
|Emitter-Base Voltage | Veo | 80 | Ve 
| Collector Current—Continuous | tc | 30 | mde 
rea 
Derate above 125°C mw/°C 


Storage Temperature —65 to +200 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(I¢ = 1.0 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(I¢ = 0.1 mAdc, Ig = 0) 

Emitter-Base Breakdown Voltage 


(IE = 0.1 mAdc, Ic = 0) 


Collector Cutoff Current 
(VcB = 15 Vdc, Ie = 0) 


ON CHARACTERISTICS 


DC Current Gain | hee 
(I¢ = 15 mAdc, VcE = 10 Vde) 


SMALL SIGNAL CHARACTERISTICS 


Collector-Base Capacitance(1) Cob 0.75 
(Vcp = 10 Vdc, Ig = 0, 0.1 MHz < f < 1.0 MHz) 
FUNCTIONAL TEST | 


Common-Emitter Amplifier Power Gain (Figure 1) 
(VcE = 10 Vde, Ic = 15 mA, f = 1.0 GHz) 


Spot Noise Figure (Rg = Optimum) (Figure 1) 
(VcE = 10 Vde, Ic = 5.0 mA, f = 1.0 GHz) 


Power Gain at Optimum Noise Figure (Figure 1) 
(Vce = 10 Vde, Ic = 5.0 mA, f = 1.0 GHz) 


TYPICAL 2 GHz PERFORMANCE 


Maximum Available Gain (Figure 1)(2) 
(VcE = 10 Vde, Ic = 15 mA, f = 2.0 GHz) 


Noise Figure (Rg = Optimum) (Figure 1) 
(VcE = 10 Vdc, Ic = 5.0 mA, f = 2.0 GHz) 


(1) Cop measurement employs a three-terminal capacitance bridge incorporating a guard circuit. The emitter terminal shall be connected to 
the guard terminal of the bridge. 5 
S21| 
2) MAG is calculated from the S-Parameters using the equation MAG = oti 
ek : ane 1 181422) (1 = [S222 
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FIGURE 1 — BLOCK DIAGRAM FOR POWER GAIN AND NOISE FIGURE 
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FIGURE 2 — POWER GAIN AND NOISE FIGURE 
versus FREQUENCY 
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Cob (MIL-STD-7508 Method 3241) 
Cob (MIL-STD-7508 Method 3236) 


Ces Cob, OUTPUT CAPACITANCE (pF) 


FIGURE 4 — CURRENT GAIN—BANDWIDTH PRODUCT 
versus COLLECTOR CURRENT 
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2N6603 
" FIGURE 6 — NOISE FIGURE versus COLLECTOR CURRENT | 
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COMMON EMITTER SCATTERING PARAMETERS 


FIGURE 7 — INPUT AND OUTPUT REFLECTION FIGURE 8 — FORWARD AND REVERSE TRANSMISSION 
COEFFICIENTS versus FREQUENCY COEFFICIENTS versus FREQUENCY 
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S — PARAMETERS 


Frequency a ee eee Se ee ee ee 
(MHz) 


on IS21| Lo 
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| ane6o4 


JAN, JTX, JTXV AVAILABLE 
CASE 303-01, STYLE 1 


MAXIMUM RATINGS (Ta = 25°C Free Air Temperature) 


Symbol 
Collector-Emitter Voltage VCEO | 15 
Collector-Base Voltage VCBO | 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


Emitter-Base Voltage a 
Collector Current — Continuous 


Total Device Dissipation @ Tc = 125°C 500 
Derate above 125°C 6.66 aN 


Storage Temperature —65 to +200 Ns eee 4 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


a 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(I¢ = 1.0 mAdc, Ig = 0) 
Collector-Base Breakdown Voltage _ V(BR)CBO 
(I¢ = 0.1 mAdc, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 
(Ie = 0.1 mAde, Ic = 0) 
Collector Cutoff Current ICBO nAdc 
(VcB = 15 Vdc, Ig = 0) 


ON CHARACTERISTICS 


DC Current Gain hFE 
(I¢ = 30 mAdc, Vcg = 10 Vdc) | 


SMALL SIGNAL CHARACTERISTICS 


Collector-Base Capacitance(1) 
(VcB = 10 Vdc, Ie = 0, 0.1 MHz < f < 1.0 MHz) 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (Figure 1) 
(VcE = 10 Vdc, Ic = 30 mAdc, f = 1.0 GHz) 


Spot Noise Figure (Rg = Optimum) (Figure 1) 
(VcE = 10 Vdc, Ic = 5.0 mAdc, f = 1.0 GHz) 


Power Gain at Optimum Noise Figure (Figure 1) 
(VcE = 10 Vdc, Ic = 5.0 mAdc, f = 1.0 GHz) 


TYPICAL 2 GHz PERFORMANCE 


Maximum Available Gain (Figure 1)(2) 
(VCE = 10 Vdc, Ic = 30 mAdc, f = 2.0 GHz) 


Noise Figure (Rg = Optimum) (Figure 1) 
(VcE = 10 Vdc, Ic = 5.0 mAdc, f = 2.0 GHz) 


(1) Cop measurement employs a three-terminal capacitance bridge ‘incorporating a guard circuit. The emitter terminal shall be connected to 
the guard terminal of the bridge. 


2 
(2) MAG is calculated from the S-Parameters using the equation MAG = SCP UT RATES —57 7 I “1S99/2) 
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FIGURE 1 — BLOCK DIAGRAM FOR POWER GAIN AND NOISE FIGURE 
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FIGURE 2 — POWER GAIN AND NOISE FIGURE 
versus FREQUENCY 
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FIGURE 4 — CURRENT GAIN—BANDWIDTH PRODUCT 
versus COLLECTOR CURRENT 


fy, CURRENT GAIN—BANDWIDTH PRODUCT (GHz) 


Ic, COLLECTOR CURRENT (mA) 
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RF 
Voltmeter 


Microlab/FXR HW-OBN 
Bias Tee or Equiv 


Cob, Cop — OUTPUT CAPACITANCE (pF) 


Cop (MIL-STD-750B Method 3241) 
Cop (MIL-STD-750B Method 3236) 


0 2.0 4.0 6.0 8.0 10 12 14 16 
Ves, COLLECTOR-BASE VOLTAGE (Vdc) 


FIGURE 5 — POWER GAIN versus COLLECTOR CURRENT 
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FIGURE 6 — NOISE FIGURE versus COLLECTOR CURRENT 


NF, NOISE FIGURE (dB) 


Ic, COLLECTOR CURRENT (mA) 


COMMON EMITTER SCATTERING PARAMETERS 


FIGURE 7 — INPUT AND OUTPUT REFLECTION . FIGURE 8 — FORWARD AND REVERSE TRANSMISSION 
COEFFICIENTS versus FREQUENCY COEFFICIENTS versus FREQUENCY 
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VCE Frequency 
(Volts) (MHz) 


S — PARAMETERS 


Se es es S22 


\S11| Lo \S21| Lo $12] Lo (S22) Lo 
0.72 -40 0.028 67 


0.65 ~78 51 
0.61 ~137 
0.61 ~168 


161 
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BFR9O 
CASE 317A-01, STYLE 2 


MAXIMUM RATINGS 
Rating 


‘Total Device Dissipation @ Ta = 60°C 
Derate above 60°C 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


THERMAL CHARACTERISTICS 


Symbol [Max 
Thermal Resistance, Junction to Ambient RJA | 500s” °C/W 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage . V(BR)CEO Vde 
(Ic = 1.0 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 20 Vdc 
(I¢ = 0.1 mAdc, IE = 0) | 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 0.1 mAdc, Ic = 0) 


Collector Cutoff Current 
(VcB = 10 Vde, IE = 0) . 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(Ic = 14 mAdc, Vce = 10 Vde, f = 0.5 GHz) 
Collector-Base Capacitance 

(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 
FUNCTIONAL TEST 
Noise Figure 


(I¢ = 2.0 mAdc, VcgE = 10 Vdc, f = 0.5 GHz) 
(I¢ = 2.0 mAdc, VcfE = 10 Vdc, f = 1.0 GHz) 


Power Gain at Optimum Noise Figure 
(I¢ = 2.0 mAdc, VcE = 10 Vde, f = 0.5 GHz) 


(I¢ = 2.0 mAdc, VcE = 10 Vdc, f = 1.0 GHz) 
Maximum Available Power(1) _ 
(Ic = 14 mAdc, Vce = 10 Vdc, f = 0.5 GHz) 
(I¢ = 14 mAdc, VcE = 10 Vdc, f = 1.0 GHz) 
\S24/2 
(1) Gmax = Goscey Ds 
() Smax = = ]S44)2) (118222) 
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FIGURE 1 — POWER DERATING 
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BFR91 


MAXIMUM RATINGS CASE 317A-01, STYLE 2 


| Rating =| Symbot | Value | Unit 


Collector-Emitter Voltage VCEO oc ee Vde 


Collector-Base Voltage VcBO 
Emitter-Base Voltage Veso | 30 | Vide 
Collector Current — Continuous ee ee 


Total Device Dissipation @ Ta = 60°C 180 mW 
Derate above 60°C 2.0 mW/°C 
Storage Temperature —65 to +150 


THERMAL CHARACTERISTICS 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


[| Characteristic | Symbot_ | min | typ [| Mex | unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(I¢ = 1.0 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 0.1 mAdc, IE = 0) . 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 

(l— = 0.1 mAdc, Ic = 0) 
Collector Cutoff Current ICBO nAdc 
(VcB = 5.0 Vdc, IE = 0) oo 
ON CHARACTERISTICS | 


DC Current Gain hFE 
(Il¢ = 30.mAdc, Vcg = 5.0 Vdc) . 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(l¢ = 30 mAdc, Vcg = 5.0 Vde, f = 0.5 GHz) 


Collector-Base Capacitance 
(VcgB = 10 Vdc, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TEST 


Noise Figure 
(Ic = 2.0 mAdc, Vcg = 5.0 Vde, f = 0.5 GHz) 
(I¢ = 2.0 mAdc, Vcg = 5.0 Vde, f = 1.0 GHz) 


Power Gain at Optimum Noise Figure 


(I¢ = 2.0 mAdc, Vcg = 5.0 Vdc, f = 0.5 GHz) 
(I¢ = 2.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 GHz) 


Maximum Available Power(1) 
(Ic = 30 mAde, VcgE = 5.0 Vde, f = 0.5 GHz) 
(Ic = 30 mAdc, Vcg = 5.0 Vde, f = 1.0 GHz) 


(1)G ee ON eee 
max (1 -|S44/4) (1 -|S22/4) 
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FIGURE 1 — POWER DERATING 


Pp, DEVICE DISSIPATION (mW) 


Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 2 - POWER GAIN AND NOISE 
FIGURE versus FREQUENCY 
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Gmax. POWER GAIN (dB) 


FIGURE 3 - POWER GAIN AND NOISE 
_ FIGURE versus COLLECTOR CURRENT 
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FIGURE 6 — Soy PARAMETERS 
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CASE 317A-01, STYLE 2 


_ MRF961 
CASE 317-01, STYLE 2 sec 
MRF962 


CASE 303-01, STYLE 1 >-< MAXIMUM RATINGS - 
Set on ee 
Rating MRF961 | MRF965 
[Collector-Emitter Voltage | “Veco | 15 | 15 | Vdc 
| Collector-Base Voltage =| «Vcpo | 20 | 20 | Vdc | 


[Emitter-Base Voltage | Vewo | 30 | 30 | Vdc | 
| Collector Current—Continuous | ic | 100 | 100 | mAdc 


Total Device Dissipation @ Tc = 100°C - 0.75 Watts 
Derate above 100°C 7.5 mWw/°C 
Storage Temperature Tstg -65 to | —65 to 
+150 | +200 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot | Min | Typ | Max | Unit 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(Ic = 1.0 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(I¢ = 100 wAde, Ie = 0) 
Emitter-Base Breakdown Voltage | V(BR)EBO Vde 
(IE = 100 pAdc, Ic = 0) 
Collector Cutoff Current . ICBO nAdc 
(VcB = 10 Vdc, IE = 0) 
ON CHARACTERISTICS 


DC Current Gain hFE 
(I¢ = 50 mAdc, Vce = 10 Vdc) 


SMALL SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 
(I¢ = 50 mAdc, VcE = 10 Vdc, f = 0.5 GHz) 


Collector-Base Capacitance 
(Vcg = 10 Vdc, Emitter Guarded) BFR96, MRF961, MRF962 
MRF965 


-MRF965 


CASE 26-03, STYLE 1 
TO-46 (TO-206AB) 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


OFF CHARACTERISTICS 


FUNCTIONAL TEST 


Noise Figure 
(i¢ = 10 mAdc, VcgE = 10 Vde, f = 0.5 GHz) 


Maximum Available Gain/Insertion Gain 


(I¢ = 50 mAdc, VcgE = 10 Vde, f = 0.5 GHz) BFR96, MRF965 14.5/13 
MRF961 : 17/15 
MRF962 20.5/16.5 


So4|2 
NOTE 1. MAG = —_— Sail" __ 
(1 —|S44/4)(1 —|S2a/) 
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BFR96 e MRF961 e MRF962 e MRF965 


FIGURE 1 — MAXIMUM AVAILABLE GAIN versus FREQUENCY FIGURE 2 — iS91/2 versus FREQUENCY 
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fy. GAIN-BANOWIDTH PRODUCT (GHz) 


Ip, COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mA) 


FIGURE 5 — NOISE FIGURE versus FREQUENCY FIGURE 6 — NOISE FIGURE versus COLLECTOR CURRENT 
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FIGURE 9 — MRF965 CLASS C AMPLIFIER @ 500 MHz, 400 mW 


L1 — Copper Strip; 1/4’’ Wide X 1°’ Long 
X 0.005” Thick 
L2 — 3/4’, #18 AWG 
a HE L3 — 2 Turns, #18 AWG, 1/4” ID 
1 
a T (3~30) pF — Arco 19A115282-1 
or equivalent 
(1-10) pF — Johanson Piston 
Trimmer or equivalent 


Bead — Indiana General #56-590-65 


= (3-30) pF 
(3-30)pF L4 
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(3-30)pF 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


7-91 


BFR96 e MRF961 e MRF962 e MRF965 


BFR96 COMMON-EMITTER S-PARAMETERS 


INPUT/OUTPUT REFLECTION FORWARD/REVERSE TRANSMISSION 
COEFFICIENTS versus FREQUENCY COEFFICIENTS versus FREQUENCY 
(Vee = 10 V, Ic = 50 mA) (VcE = 10 V, I¢ = 50 mA) 


VCE 
(Volts) 


10 
25 
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BFR96 @ MRF961 e MRF962 e MRF965 


MRF961 COMMON-EMITTER S-PARAMETERS 


INPUT/OUTPUT REFLECTION FORWARD/REVERSE TRANSMISSION 
COEFFICIENTS versus FREQUENCY COEFFICIENTS versus FREQUENCY 
(Vege = 10 V, I¢ = 50 mA) (VcE = 10 V, Ic = 50 mA) 


+50 
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! BFR96 e MRF961 e MRF962 e MRF965 


MRF962 COMMON-EMITTER S-PARAMETERS 


INPUT/OUTPUT REFLECTION FORWARD/REVERSE TRANSMISSION 
COEFFICIENTS versus FREQUENCY COEFFICIENTS versus FREQUENCY 
(VcE = 10 V, Ic = 50 mA) (VceE = 10 V, I¢ = 50 mA) 


[TAB 


Wai 
=27 
2 


-60° 


-90° 
-{5 


0 
VCE Ic ee 
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BFR96 @ MRF961 @ MRF962 e MRF965 


MRF965 COMMON-EMITTER S-PARAMETERS 


INPUT/OUTPUT REFLECTION FORWARD/REVERSE TRANSMISSION 
COEFFICIENTS versus FREQUENCY COEFFICIENTS versus FREQUENCY 
(VcE = 10 V, Ic = 50 mA) (Vce = 10 V, Iq = 50 mA) 


VCE 
(Volts) 
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BFW92A | 


CASE 317A-01, STYLE 2 » 


MAXIMUM RATINGS 
| Rating =| Symbol | Value | Unit _| 
| Collector-Emitter Voltage | Vceo | 18 | 
| Collector-Base Voltage | cp | 28 |e 
|Emitter-Base Voltage | Vepo | 28 | Vd 
[Collector Current Continuous | ic | 85m 
Total Device Dissipation @ Tc = 105°C ot | mw 
Derate above 105°C 4.0 mWw/°C 


Storage Temperature — 65 to 150 


BO 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


THERMAL CHARACTERISTICS 


Symbol | Max | _Unit_ 
Thermal Resistance, Junction to Case(1) | Rac | 250 | cw | 


(1) Case temperature measured on collector lead immediately adjacent to body of 
package. 


_ ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


| Characteristic | Symbot_| min | tye | Max | unit _| 


Collector-Emitter Breakdown Voltage . V(BR)CEO Vde 
(I¢ = 1.0 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 0.1 mAdc, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(l— = 0.1 mAdc, Ic = 0) 
Collector Cutoff Current ICBO nAdc 
(VcB = 10 Vde, IE = 0) 


ON CHARACTERISTICS 


DC Current Gain NFE 
(Ic = 2.0 mAdc, VcgE = 1.0 Vdc) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 10 mAdc, Vcg = 10 Vde, f = 0.5 GHz) 


Collector-Base Capacitance 
(VcB = 10 Vdc, f = 1.0 MHz, Emitter Guarded) 


FUNCTIONAL PERFORMANCE 


Optimum Noise Figure (Tuned) 

(I¢ = 10 mAdc, Veg = 10 Vdc, f = 0.5 GHz) 
Noise Figure (Untuned, Rg = Ry = 50 Q) 

(Ic = 10 mAdc, Vcg = 10 Vde, f = 0.5 GHz) 


OFF CHARACTERISTICS 


Maximum Available Gain(2) 
(I¢ = 10 mAdc, Vcg = 10 Vdc, f = 0.5 GHz) 


Insertion Gain 
(I¢ = 10 mAdc, VcE = 10 Vdc, f = 0.5 GHz) 


_ IS21/4 
(2) max = (7 =]S44/2) (1 —[S292) 
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FIGURE 1 — 30-900 MHz BROADBAND AMPLIFIER 


C1 
(10-100) pF 


Rg = 7529 


L2 
3.3 


C4 
820) dee = 


HH 0.1 uF 
(——_~ R,_ = 759 
VcE=10V 
lc = 10 mA 


C3, C4, C5 — 0.1 uF Chip Capacitor 
L1, L2 — 3.3 wH Molded Inductor 


All Resistors 1/4 W, 20% 


FIGURE 2 — BROADBAND GAIN (Circuit Figure 1) 
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FIGURE 4 — MAXIMUM AVAILABLE GAIN 
versus FREQUENCY 
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FIGURE 3 — 2nd AND 3rd ORDER INTERCEPT POINTS 
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- FIGURE 7 — GAIN-BANDWIDTH PRODUCT 


versus COLLECTOR CURRENT 


FIGURE 6 — MAXIMUM AVAILABLE GAIN 
versus COLLECTOR CURRENT 
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FIGURE 9 — NOISE FIGURE 
versus COLLECTOR CURRENT 
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FIGURE 11 — NOISE FIGURE versus FREQUENCY 


FIGURE 10 — NOISE FIGURE versus FREQUENCY 
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FIGURE 712 — Cip iINFUT CAPACITANCE versus FIGURE 13 — COLLECTOR-BASE CAPACITANCE 
EMITTER BASE VOLTAGE versus COLLECTOR-BASE VOLTAGE 
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(SR RREREARESERS 
0 0.5 1.0 1.5 2.0 2.5 3.0 0 2.0 4.0 6.0 8.0 10 12 14 


Vpe. BASE-EMMITTER VOLTAGE (Vdc) Vcp. COLLECTOR-BASE VOLTAGE (Vdc) 


BFW92A COMMON-EMITTER S-PARAMETERS 


INPUT/OUTPUT REFLECTION FORWARD /REVERSE TRANSMISSION 
COEFFICIENTS versus FREQUENCY COEFFICIENTS versus FREQUENCY 
(VcE = 10 V, Ic = 10 mA) (VcE = 10 V, Ic = 10 mA) 


Coordinates in Ohms 
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BFW92A COMMON-EMITTER S-PARAMETERS 
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BFX89 
BFY90 


CASE 20-03, STYLE 10 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 


[rating | Symbol [vas [une | 
[colectoremiterVotage ——~S~*d;Cceg |e 
[ColesorseseVvotage ‘| _vogo | 30 | vue 


Total Continuous Device Dissipation 
@ Ta = 25°C 200 
Derate above 25°C 1.14 awe 


Storage Temperature —65 to +200 Ge. 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage | V(BR)CEO Vdc 
(I¢ = 10 mAdc, Ig = 0) 


Collector Cutoff Current 
(Vcp = 15 Vde, Ie = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 2.0 mAdc, VcgE = 1.0 Vdc) 
(I¢ = 25 mAdc, Vcg = 1.0 Vdc) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(1) 
(I¢ = 2.0 mA, VcE = 5.0 Vde, f = 500 MHz) 


(ic = 25 mA, VcE = 5.0 Vde, f = 500 MHz) 


Emitter-Base Capacitance 
(Veg = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 


Collector-Base Capacitance(2) 
(VcB = 10 Vdc, IE = 0, f = 1.0 MHz) 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain(2) 
(VcE = 10 Vdc, Ic = 8.0 mA, f = 200 MHz) 


Spot Noise Figure (Rg = Optimum)(1) 
(VcE = 5.0 Vdc, Ic = 2.0 mA, f = 500 MHz) 


(1) Pin 4 is grounded. 
(2) Pin 4 is not grounded. 
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FIGURE . — POWER GAIN versus FREQUENCY 


Gp, POWER GAIN (dB) 
eps 2 ee 


ne ay ee 


0.2 0.3 
f, FREQUENCY on 


FIGURE 3 — NOISE FIGURE versus FREQUENCY 


NF, NOISE FIGURE (dB) 


0.3 04 0.5 
f, FREQUENCY (GHz) 


FIGURE 5 — CURRENT GAIN-BANDWIDTH PRODUCT 
versus COLLECTOR CURRENT 
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fr. GAIN-BANDWIDTH PRODUCT (dB) 


Ic, COLLECTOR CURRENT (mA) 
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FIGURE 2 — POWER GAIN versus 
COLLECTOR CURRENT 
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Ic, COLLECTOR CURRENT (mA) 


FIGURE 4 — NOISE FIGURE versus 
COLLECTOR CURRENT 
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FIGURE 6 —- OUTPUT CAPACITANCE versus VOLTAGE 
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Ve. COLLECTOR-BASE VOLTAGE (Vdc) 
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COMMON EMITTER SCATTERING PARAMETERS 


FIGURE 7 — INPUT AND OUTPUT REFLECTION FIGURE 8 — FORWARD AND REVERSE TRANSMISSION 
COEFFICIENTS versus FREQUENCY COEFFICIENTS versus FREQUENCY 


Vee = 10 V. Ip = 10 mA 
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CASE 654-02, STYLE 1 
TO-78 


MAXIMUM RATINGS 


Rating ——~*dSymb _ 
[colectorBase Votase ——~(| Vego | 
a 


Total Device Dissipation 
@ Ta = 25°C 
Derate above 25°C mW/°C 


Operating and Storage Junction TJ. Tstg -65 to +200 °C 
Temperature Range 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Collector-Emitter Breakdown Voltage V(BR)CEO Vde 

(I¢ = 1.0 mAdc, IB = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 100 pAde, IE = 0) 

Emitter-Base Breakdown Voltage | V(BR)EBO Vdc 
(IE = 100 wAdce, Ic = 0) 

Collector Cutoff Current ICBO pAdc 
(VcB = 20 Vdc, Ie = 0) 


ON CHARACTERISTICS 


DUAL 
HIGH FREQUENCY TRANSISTOR 


PNP SILICON 


OFF CHARACTERISTICS 


DC Current Gain hee 
(I¢ = 2.0 mAdc, Vce = 10 Vde) . 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product fT 
(Ic = 2.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 
Collector-Base Capacitance Cob 
(VcB = 10 Vdc, IE = 0, f = 100 kHz) 
Small Signal Current Gain hfe 
(I¢ = 2.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 


Collector Base Time Constant 

(IE = 2.0 mAdc, Vcg = 10 Vdc, f = 63.6 MHz) 

Noise Figure 
(I¢ = 2.0 mAdc, VcE = 10 Vdc, f = 450 MHz) (Figure 1) 

(I¢ = 2.0 mAdc, VcE = 10 Vdc, Rg = 50 ohms, f = 1.0 GHz) 

FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain 
(VcE = 10 Vdc, Ic = 2.0 mAdc, f = 450 MHz) (Figure 1) 


(VceE = 10 Vdc, Ic = 2.0 mAdc, Rs = 50 ohms, f = 1.0 GHz) 
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MD4957 


TYPICAL NOISE FIGURE vs. FREQUENCY 


NF, NOISE FIGURE (dB) 


f, FREQUENCY (GHz) 


FIGURE 1 — NOISE FIGURE AND POWER GAIN TEST CIRCUIT 


“ 
< 
2 

-_ 


Vin **0.4- 6.0 pF 

Rs = 502 
* Button type capacitors 

** Variable air piston type capacitors 


. L1- silver plated brass bar, 1.0 
in. Igby O.25inod. | 
- silver plated brass bar, 1.5 
in. Ig by 0.25 in od. Tap is 
0.25 in. from collector 
L3- % turn of AWG No. 16 wire 
a in. from and parallel to 
L2. 


~~ 


2.0L 


Ls) 


w 


> 


*500 pF . The noise source is a hot-cold body 
(All type 70 or equivalent) with a 
ca 20k test receiver (AIL type 136 or 
= — +12V equivalent). 
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COMMON EMITTER Y PARAMETER VARIATIONS 


Y PARAMETERS VS FREQUENCY Y PARAMETERS VS CURRENT 
Ver = 10 Vde . Vcr = 10 Vde - Vor = 15 Vde — — — 
Ic = 2.0 mA f = 450 MHz 
i FIGURE 2 — INPUT ADMITTANCE - ‘ FIGURE 6 — INPUT ADMITTANCE 


Y;.. INPUT ADMITTANCE (mmhos) 
Y;e. INPUT ADMITTANCE (mmhos) 


. FORWARD TRANSFER ADMITTANCE (mmhos) 
Yfe, FORWARD TRANSFER ADMITTANCE (mmhos) 


Yte 


Yoe, OUTPUT ADMITTANCE (mmhos) 
Yoo, OUTPUT ADMITTANCE (mmhos) 


Y,.. REVERSE TRANSFER ADMITTANCE (mmhos) 
Y,.. REVERSE TRANSFER ADMITTANCE (mmhos) 


f, FREQUENCY (MHz) I., COLLECTOR CURRENT (mA) 
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COMMON BASE Y PARAMETER VARIATIONS 
Y PARAMETERS versus FREQUENCY Y PARAMETERS versus CURRENT 
Voa= 10 Vide Veg= 10 Vide Voe= 15 Vide — — — 
lc = 2.0 mA f = 450 MHz 
f FIGURE 10 — INPUT ADMITTANCE a FIGURE 14 — INPUT ADMITTANCE 


Y;,, INPUT ADMITTANCE (mmhos) 


Yi, INPUT ADMITTANCE (mmhos 
Ss s 
N 


a (ak ea a ae | 
; FIGURE 15 — FORWARD TRANSFER ‘ADMITTANCE - Aa 
Sa ns ae a Se 
pe ee ee on eee 


Yep. FORWARD TRANSFER ADMITTANCE (mmhos) 
Yep, FORWARD TRANSFER ADMITTANCE (mmhos) 


Yo, OUTPUT ADMITTANCE (mmhos) 
Yo4,OUTPUT ADMITTANCE (mmhos) 


Yb. REVERSE TRANSFER ADMITTANCE (mmhos) 


Yip. REVERSE TRANSFER ADMITTANCE (mmhos) 


100 200 300 400 500 
f, FREQUENCY (MHz) |,, COLLECTOR CURRENT (mA) 
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Z  MHWS590 


CASE 714-02 


MAXIMUM RATINGS 


Value 


WIDEBAND HYBRID AMPLIFIER 


< 


d 


(2) 


°C 
°C 


-20 to +90 
-40 to +100 


| Symbol _| 
eed 


ELECTRICAL CHARACTERISTICS (Vpc = 24 Vdc, Zo = 500, Tc = 25°C. All characteristics guaranteed over bandwidth listed under 
“Frequency Range,” unless specified otherwise.) . . 


| Characteristic | Symbol 
Frequency Range | ewe | to 
Power Gain ; 31.5 


Gain Flatness 


Ty 


Tc 


Voltage Standing Wave Ratio, In/Out 
(f = 10-300 MHz) 
(f = 300-400 MHz) 


oi 


1 dB Compression W 
(f = 10 MHz) — 800 
(f = 200 MHz) 700 800 
— 300 


(f = 400 MHz) 


Reverse Isolation 


2nd Harmonic | 
(Pout = 10 mW) 
Third Order Intercept 


Peak Envelope Power for —32 dB 
Distortion 


Noise Figure 
(f = 60 MHz) 
(f = 300 MHz) 


DC Voltage Vpc 


DC Current 


> 


3 
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Gp, POWER GAIN (a8) 


Pout OUTPUT POWER (WATTS) 


Gp, POWER GAIN (dB) 


FIGURE 1 — POWER GAIN AND RETURN 
LOSS versus FREQUENCY 
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FIGURE 3 — POWER GAIN versus SUPPLY VOLTAGE 
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Vpc, SUPPLY VOLTAGE (VOLTS) 


FIGURE 5 — OUTPUT POWER versus INPUT POWER 
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FIGURE 2 — POWER GAIN versus FREQUENCY 


Gp, POWER GAIN (dB) 
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FIGURE 4 — NOISE FIGURE versus SUPPLY VOLTAGE 


NF, NOISE FIGURE (dB) 
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FIGURE 7 — INTERMODULATION DISTORTION — THIRD FIGURE 8 — INTERMODULATION DISTORTION — FIFTH 
a ORDER versus OUTPUT POWER ORDER versus OUTPUT POWER 
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IMD3 — THIRD ORDER INTERMODULATION 


IMD5 — FIFTH ORDER tNTERMODULATION 
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FIGURE 11 — DC CURRENT DRAIN versus SUPPLY VOLTAGE 


Ipc. CURRENT DRAIN (mAdc) 
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MHW591 


CASE 714-02 


MAXIMUM RATINGS 


p Rating =| Symbol | Unit | 
[Supply Voltage | | |e 
input Power Tin’ | 80m 


WIDEBAND HYBRID AMPLIFIER 


ELECTRICAL CHARACTERISTICS (Vpc = 13.6 Vdc, Zp = 500, Tc = 25°C. All characteristics guaranteed over bandwidth listed 
under ‘Frequency Range,” unless specified otherwise.) 


Po haracteristic | Symbot | Min | Typ | Max | Unit 
[FrequencyRange wt | 0M 
|PowerGain 8 | 88 | 


Voltage Standing Wave Ratio, In/Out | 
(f = 1.0-30 MHz) 
(f = 30-250 MHz) 


1 dB Compression 
(f = 30 MHz) 
(f = 100 MHz) 

(f = 250 MHz) 


Peak Envelope Power 
(IMD3 = —30 dB, f = 30 MHz) 

(IMD3 = —30 dB, f = 100 MHz) 
(IMD3 = —30 dB, f = 250 MHz) 
Noise Figure 
(f = 30 MHz) 

(f = 100 MHz) 
(f = 250 MHz) 


EDC ONGC So ee ete 
ioc | — | 300 | 340 | ma _| 
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FIGURE 1 — POWER GAIN versus FREQUENCY 
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FIGURE 3 — POWER GAIN versus SUPPLY VOLTAGE 
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FIGURE 5 — OUTPUT POWER versus INPUT POWER 
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Pout, OUTPUT POWER (WATTS) 


FIGURE 2 — POWER GAIN versus FREQUENCY 
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FIGURE 4 — NOISE FIGURE versus SUPPLY VOLTAGE 
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FIGURE 6 — OUTPUT POWER versus INPUT POWER 
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FIGURE 7 — INTERMODULATION FIGURE 8 — INTERMODULATION 
DISTORTION versus OUTPUT POWER DISTORTION versus OUTPUT POWER 


Voc=12V 
Two-Tone Test 
30, 30.001 MHz 


Voc = 13.6 V 
Two-Tone Test 
30, 30.001 MHz 


IMD, INTERMODULATION DISTORTION (dB) 
IMD, INTERMODULATION DISTORTION (dB) 


Pout. OUTPUT POWER (mW- PEP) Pout, OUTPUT POWER (mW PEP) 


FIGURE 9 — DC CURRENT DRAIN versus SUPPLY VOLTAGE 
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CASE 714-02 


MAXIMUM RATINGS 


WIDEBAND HYBRID AMPLIFIER 


Tsuppyvowge Sd: te 
input Power SSSCSC~*dSCRn Ym 


ELECTRICAL CHARACTERISTICS (Vpc = 24 Vdc, Zg = 50 0, Tc = 25°C. All characteristics guaranteed over bandwidth listed under 
“Frequency Range,” unless specified otherwise.) 


Characteristic 
fPowerGain ee ——“‘i‘iSC | 365 
[GainFltness Cd | et 


Voltage Standing Wave Ratio, In/Out 
(f = 1.0-30 MHz) 
(f = 30-250 MHz) 


1 dB Compression 
(f = 30 MHz) 

_ (f = 100 MHz) 
(f = 250 MHz) 


Peak Envelope Power 
(IMD3 = —30 dB, f = 30 MHz) 
(IMD3 = —30 dB, f = 100 MHz) 
(IMD3 = —30 dB, f = 250 MHz) 


Noise Figure 
(f = 30 MHz) 
(f = 100 MHz) 
(f = 250 MHz) 
DC Voltage 


DC Current 
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Gp, POWER GAIN (dB) 


Gp, POWER GAIN (dB) 


Pout. OUTPUT POWER (WATTS) 


FIGURE 1 — POWER GAIN versus FREQUENCY 
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FIGURE 3 — POWER GAIN versus SUPPLY VOLTAGE 
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FIGURE 5 — OUTPUT POWER versus INPUT POWER 
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Gp. POWER GAIN (dB) 


NF, NOISE FIGURE (dB) 


Pout OUTPUT POWER (WATTS) 


FIGURE 2 — POWER GAIN versus FREQUENCY 
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FIGURE 4 — NOISE FIGURE versus SUPPLY VOLTAGE 
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FIGURE 6 — OUTPUT POWER versus INPUT POWER 
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- FIGURE 7 — INTERMODULATION , 3 FIGURE 8 — INTERMODULATION 
DISTORTION versus OUTPUT POWER DISTORTION versus OUTPUT POWER. 
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FIGURE 9 — DC CURRENT DRAIN versus SUPPLY VOLTAGE 
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CASE 714-02 


MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS (Vpc = 13.6 Vdc, Zg = 50 0, Tc = 25°C. All characteristics guaranteed over bandwidth listed 
under “‘Frequency Range,” unless specified otherwise.) 


ee 
a 
[Gein ames SSSCSCSC~—“~“CSs‘“‘“i<“‘“‘“‘“‘< CO 


Voltage Standing Wave Ratio, In/Out 
(f = 10-300 MHz) 
(f = 300-400 MHz) 


MHz 


oS 


VSWR 


1 dB Compression 
(f = 10 MHz) 

(f = 200 MHz) 
(f = 400 MHz) 


Reverse Isolation 


BW 
F 
2nd Harmonic 
(Pout = 10 mW) 


Third Order Intercept 


Peak Envelope Power for —32 dB 
Distortion 


Noise Figure 
(f = 60 MHz) 
(f = 300 MHz) - 


DC Voltage | 
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FIGURE 1 — POWER GAIN AND RETURN ; 
LOSS versus FREQUENCY , FIGURE 2 — POWER GAIN versus FREQUENCY 
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FIGURE 8 — INTERMODULATION DISTORTION — FIFTH 


FIGURE 7 — INTERMODULATION DISTORTION — THIRD 
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ORDER versus OUTPUT POWER 
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FIGURE 10 — INTERMODULATION DISTORTION — FIFTH 


FIGURE 9 — INTERMODULATION DISTORTION — THIRD 
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FIGURE 11 — DC CURRENT DRAIN versus SUPPLY VOLTAGE 
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M4018 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


Collector-Emitter Voltage VCEO | 20s] de 
Collector-Base Voltage | VeBo _| 
Emitter-Base Voltage | Veso | 40 | 


HIGH FREQUENCY TRANSISTOR 


PNP SILICON 


Collector Current — Continuous 
Total Device Dissipation @ Tc = 25°C | 2 


Derate above 25°C 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(I¢ = 5.0 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(I¢ = 5.0 mAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(l—E = 1.0 mAdc, Ic = 0) : 

Collector Cutoff Current ICEO pAdc 
(VcE = 15 Vdc, Ip = 0) 

Collector Cutoff Current ICBO pAdc 
(VcB = 15 Vdc, IE = 0) 

Collector Cutoff Current ICES 0.1 mAdc 
(VcE = 40 Vdc, Vee = 0) | 

ON CHARACTERISTICS 


DC Current Gain _ Hee 
(I¢ = 50 mAdc, Vce = 5.0 Vdc) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 50 mAdc, VcgE = 15 Vde, f = 100 MHz) 


Output Capacitance 
(VcB = 12.5 Vde, Ie = 0, f = 100 kHz) 


FUNCTIONAL TEST 


Power Output (Figure 1) 
(Pin = 50 MW, Vcc = 12.5 Vde, f = 175 MHz) 


OFF CHARACTERISTICS 


Collector Efficiency (Figure 1) 
(Pin = 50 MW, Vcc = 12.5 Vde, f = 175 MHz) 
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' FIGURE 1 — 175 MHz OUTPUT POWER TEST CIRCUIT 


FIGURE 2 — POWER OUTPUT versus POWE 
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FIGURE 4 — PARALLEL EQUIVALENT INPUT 
RESISTANCE versus FREQUENCY 
g 
S 
2 
: 
5 
2 
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f, FREQUENCY (MHz) 


3.0 — 30 pF, ARCO 461 OR EQUIVALENT 

8.0 — 80 pF, ARCO 462 OR EQUIVALENT 

100 nH, 4 TURNS NO. 18 AWG, 1/4” 1.D., 5/8” LENGTH 
40 nH, 2 TURNS NO. 18 AWG, 1/4” 1.D., 1/2” LENGTH 
200 nH, 8 TURNS NO. 18 AWG, 1/4” 1.D., 7/8" LENGTH 


~12.5 Vde 


FIGURE 3 — PARALLEL EQUIVALENT OUTPUT 
R INPUT CAPACITANCE versus FREQUENCY 


C out , QUTPUT CAPACITANCE (pF) 


f, FREQUENCY (MHz) 


FIGURE 5 — PARALLEL EQUIVALENT INPUT 


CAPACITANCE versus FREQUENCY 
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MM4019 
CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 
[collector Base Voltage ————~S«dt~Vcgo. | 


Emitter-Base Voltage 


HIGH FREQUENCY TRANSISTOR 


PNP SILICON Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Refer to 2N5160 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot_ | Min | typ | Max | Unit _ 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(I¢ = 10 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(I¢ = 10 mAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(Ie = 0.1 Adc, I¢ = 0) . 

Collector Cutoff Current ICEO mAdc 
(VcE = 30 Vdc, Ip = 0) 

Emitter Cutoff Current mAdc 
(VBE = 4.0 Vde, Ic = 0) 

ON CHARACTERISTICS 


DC Current Gain hre 
(I¢ = 250 mAdc, Vcg = 5.0 Vdc) 

Collector-Emitter Saturation Voltage | VCE(sat) Vdc 
(I¢ = 250 mAdc, Ig = 50 mAdc) . 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 100 mAdc, VcE = 28 Vdc, f = 100 MHz) 


Output Capacitance 
(VcB = 30 Vdc, Ie = 0, f = 100 kHz) 


FUNCTIONAL TEST 


Power Output 
(Pin = 0.5 W, Voc = 28 Vdc, f = 400 MHz) 


Collector Efficiency 


OFF CHARACTERISTICS 


(Pout = 2.5 W, Vcc = 28 Vde, f = 175 MHz) 


Power Input . 
(Pout = 2.5 W, Vcc = 28 Vde, f = 175 MHz) 
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RF Output 


RF Input 


3.0-30 pF, ARCO 461 or equivalent. 

40 pF 

5.0-80 pF, ARCO 462 or equivalent. 

80 nH, 3 Turns #18 AWG, 1/4” 1.D., 1/4"' Length 
Ferrite Choke, VK-200 Ferroxcube, Q <5 

0.15 WH, RF Choke 

27 nH, 2 Turns #18 AWG, 1/4” 1.D., 3/8’’ Length 
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MRF534 
MRF536 
MM4049 


MRF534 | } 
CASE 22-03, STYLE 1 
TO-206AA MM4049 MRF534 MRF536 
Case 20-03 | Case 22-03 | Case 317-01 
MAXIMUM RATINGS TO-206AF 
—_ , Smeal: 0 0 
CASE 317-01, STYLE 2 Collector-Base Voltage | Vcpo | 15 | 15 | S15 | Vide | 
| Emitter-Base Voltage | Veso | 45 =| 45 | 4.5 | Vide 
| Collector Current — Ic mAdc 
: MM4049 Continuous . 
CASE 20-03, STYLE 2 Total Device Dissipation 
| TO-206AF @ Ta = 25°C 300 300 mW 
1.71 2.40 mw/°C 


Derate above 25°C 


Operating and Storage 
Junction 
Temperature Range 


HIGH FREQUENCY TRANSISTOR 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(Ic = 2.0 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(I¢ = 100 pAde, Ie = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(l— = 100 wAdc, Ic = 0) 

Collector Cutoff Current ICBO nAdc 
(Vcp = 10 Vde, IE = 0) 


ON CHARACTERISTICS 


DC Current Gain FE 
(I¢ = 25 mAdc, VcE = 2.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 20 mAdc, Vcg = 5.0 Vdc, f = 500 MHz) MRF534, MM4049 
MRF536 


Collector-Base Capacitance 
(VcB = 5.0 Vde, ig = 0, f = 1.0 MHz) 


FUNCTIONAL TEST 


Maximum Available Gain | 
(ic = 15 mAdc, Vcg = 5.0 Vde, f = 500 MHz) MRF534 


(ic = 15 mAde, VcE = 5.0 Vde, f = 500 MHz) M4049 
(ic = 15 mAdc, Vcf = 5.0 Vde, f = 1.0 GHz) MRF536 
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FIGURE 1 — CURRENT GAIN — BANDWIDTH FIGURE 2 — MAXIMUM AVAILABLE GAIN versus 
PRODUCT versus CURRENT COLLECTOR CURRENT 
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Ic, COLLECTOR CURRENT (mAdc) Ic, COLLECTOR CURRENT (mA) 


FIGURE 3 — NOISE FIGURE versus FREQUENCY 


NF, NOISE FIGURE (dB) 


f, FREQUENCY (GHz) 
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MM4049 COMMON-EMITTER S-PARAMETERS 


| VcE | 'c 
(Volts) | (mA) 
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MM4049 e MRF534 e MRF536 


MRF536 COMMON-EMITTER S-PARAMETERS 
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MMs000 
MMs001 
MMs002 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


Rating 


Collector Current Adc 
Total Device Dissipation @ Tc = 25°C Watts 
Derate above 25°C mWw/°C 
Operating and Storage Junction Tj, Tstg | —65 to +200 °C 
Temperature Range 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


OFF CHARACTERISTICS . 


Collector-Emitter Sustaining Voltage . VCEO(sus) Vdc 
(I¢ = 5.0 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vde 
(I¢ = 0.1 mAdc, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 0.1 mAdc, Ic = 0) 
Collector Cutoff Current ICEO pAdc 
(VCE = 28 Vdc, Ip = 0) 
ON CHARACTERISTICS 


DC Current Gain hFE 
(Ic = 50 mAdc, VcgE = 15 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 25 mAdc, VceE = 15 Vde, f = 200 MHz) MMs000 
MMs001 
MMs002 


(Ic = 50 mAdc, VcE = 15 Vde, f = 200 MHz) M™Ms000 
MMs001 
Mmsg002 


(Ic = 100 mAdc, VcE = 15 Vde, f = 200 MHz) MMgo00 
MMs001 
Mmg002 


Output Capacitance 
(Veg = 30 Vdc, Ie = 0, f = 1.0 MHz) 


Noise Figure (Figure 1) 
(I¢ = 10 mAdc, VcE = 15 Vde, f = 200 MHz) 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (Figure 1) 


(I¢ = 10 mAdc, VcgE = 15 Vde, f = 200 MHz) 
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FIGURE 1 — 200 MHz TEST CIRCUIT 


Pin (Rg = 5082) Pout (ZL = 5082) 


C1,C2,C3: 1.0 ~ 30 pF 
: 1.0 - 20 pF 
: 10,000 pF 
: 1000 pF 
: 0.01 uF 


: 4-1/2 turns, No. 22 
AWG wire, 3/16” !.D. 

: 3-1/2 turns, No. 22 
AWG wire, 3/16” I.D. 

: 0.82 wH RFC 

: 240 ohms, 2 watts 
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MMs009 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


Symbol 

Collector-Emitter Voltage VCEO i. Boe 

Collector-Base Voltage ‘| Vespo Vde 
1.0 


Emitter-Base Voltage VEBO 
Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C Watt 
Derate above 25°C 5.71 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C mW/°C 


Operating and Storage Junction Tj, Tstg | —65 to +200 °C 
Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot_ | Min | typ | Max | Unit _ 


Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 100 pAdc, ig = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(Ile = 100 wAdc, Ic = 0) 
Collector Cutoff Current ICEO pAdc 
(VCE = 15 Vde, IB = 0) 
Collector Cutoff Current ICES pAdc |- 
(VCE = 35 Vdc, Veg = 0) 
ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 100 mAdc, Vcge = 5.0 Vdc) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 50 mAdc, VcgE = 15 Vdc, f = 100 MHz) 


Output Capacitance 
(VcB = 30 Vdc, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TEST 


Power Output (Figure 1) 
(Pin = 316 mW, VcE = 28 Vdc, f = 1.0 GHz) 


Power Output (Oscillator) (Figure 2) 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


OFF CHARACTERISTICS 


(VcE = 20 Vdc, Veg = 1.5 Vde, f = 1.68 GHz) 
(Minimum Efficiency = 15%) 


Collector Efficiency 
(Pin = 316 mW, VcE = 28 Vde, f = 1.0 GHz) 
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FIGURE 1— 1.0 GHz POWER AMPLIFIER TEST CIRCUIT FIGURE 2 — 1.68 GHz POWER OSCILLATOR TEST CIRCUIT 
BIAS TRANSISTOR ae om : *Vec “Vee "ae. 
TEE MOUNT Bi Board ts Glass 
al; L1,L2 - 0.16"x1.31" | Teflon 
= L3 - 0.16"x065" ¢ = 0.060" 


€R = 2.56 
L4 - RF Choke, 3.6 wHy 
Cl - 0.4 pF - 6.0 pF Johanson 4640 
L4 C2-1.0pF 10 pF Johanson 4355 
C3, C4 - 25 pF Feedthru 
~ 2k Ohms Pot (Miniature) 


= . Board is — 
ah OUTPUT 
21 = 0.280"x1.0" Teflon 
22 = 0.125’'x 1.0" t= 0.060" 
ER = 2.56 
Q: MM8009 
R: 3.9 ohms 


T1, T2: Microlab Qouble Stub Tuner, or Equivalent 
’ Bias Tee: Microlab O8N, or Equivalent 


FIGURE 3 — POWER OUTPUT versus POWER INPUT 


‘4 


TF 


VcE = 28 Vde 
Pin = 310 mW 


Pout, POWER OUTPUT (WATTS) 
Pout, POWER OUTPUT (WATTS) 


Pin, POWER INPUT (WATTS) f, FREQUENCY (GHz) 
FIGURE 5 — POWER OUTPUT versus VOL TAGE FIGURE 6 — OSCILLATOR POWER OUTPUT versus CURRENT 
V4 
1.0 Pin = 0.31 W me 
B yg {| __t2 1.0 Ghz z 
oad . 
5 aad ee : 
= 08 = 
2 | pees ee : 
= ae ale : 
Oo” fas) 
= 0.3 3 
2p} ° 
0.1 
| ae ae 
0 5.0 10 15 20 25 30 0 20 40 60 80 100 120 
Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) . Ic, COLLECTOR CURRENT (mAdc) 
SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


7-131 


MMS8009 


FIGURE 7 — CURRENT-GAIN—BANDWIDTH PRODUCT FIGURE 8 — OUTPUT CAPACITANCE versus VOLTAGE 


Cob, OUTPUT CAPACITANCE (pF) 


fy, CURRENT-GAIN—BANDWIDTH PRODUCT (GHz) 
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Ic, COLLECTOR CURRENT (mAdc) Vcg, COLLECTOR-BASE VOLTAGE (VOLTS) 
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MRF207 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


[Collector-Emitter Voltage | ceo | 8 
| Collector-Base Voltage | Vcpo | 88 
|Emitter-Base Voltage | Mego | 40 
[Collector Current—Continuous | tc =| 4A 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


Total Device Dissipation 
@ Tc = 25°C(1) 
Derate above 25°C 


(1) This device is designed for RF operation. The total device dissipation rating 
applies only when the device is operated as an RF amplifier. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(Ic = 5.0 mAdc, Ig = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(i¢ = 2.0 mAdc, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(le = 1.0 mAdc, Ic = 0) 
Collector Cutoff Current ICBO mAdc 
(VcB = 15 Vdc, Ie = 0) 


OFF CHARACTERISTICS 


ON CHARACTERISTICS 

DC Current Gain hFE 
(Ic = 100 mAdc, VcE = 5.0 Vdc) 

FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain 
(Vcc = 12.5 Vde, Pout = 1.0 W, f = 220 MHz) 
Input Impedance Zin 
(Pout = 1.0 W, f = 220 MHz) 
Output Impedance Zout 
(Pout = 1.0 W, f = 220 MHz) 
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Pout, OUTPUT POWER (WATTS) 


220 MHz TEST CIRCUIT 
FIGURE 1 — MRF207 


i FERRITE 
BEAD 


2.0-50 pF ARCO 461 
5.0-80pF ARCO 462 
1.5-15 pF ARCO 460 
40 pF 

1000 pF 

5.0 uF TANTALUM 
1 Turn, #20 AWG, 1/4" 1D 
4 Turns, #20 AWG, 1/41D 
15 BH RFC 


OUTPUT POWER versus INPUT POWER 


(Vcc = 12.5 Vde, f = 220 MHz) 
~ FIGURE 2 — MRF207 
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CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 
Rating 


HIGH FREQUENCY TRANSISTOR 
NPN SILICON 


Storage Temperature 


(1) These devices are designed for RF operation. The total device dissipation rating 
applies only when the devices are operated as Class C RF amplifiers. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot_[ Min [| Max | Unit 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage _ V(BR)CEO “Vde 
(Ic = 20 mAdc, Ip = 0) 
Collector-Emitter Breakdown Voltage V(BR)CES Vdc 
(I¢ = 20 mAdc, Vee = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 4.0 Vdc 
(IE = 1.0 mAdc, Ic = 0) 
Collector Cutoff Current . ICBO pAdc 
(VcB = 15 Vdc, Ie = 0) 
ON CHARACTERISTICS 


DC Current Gain . hrE 150 
(I¢ = 100 mAdc, VcE = 5.0 Vdc) 


SMALL SIGNAL CHARACTERISTICS 


Output Capacitance _ Cake 
(VcB = 12 Vdc, ig = 0, f = 1.0 MHz) 


FUNCTIONAL TEST (FIGURE 1) 


Common-Emitter Amplifier Power Gain 
(Pout = 1.5 W, Vcc = 12.5 Vde, f = 225 MHz) 


Collector Efficiency 
(Pout = 1.5 W, Vcc = 12.5 Vde, f = 225 MHz) 
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FIGURE 1 — 225 MHz TEST CIRCUIT SCHEMATIC 


RF 
Output 


. 50 pF Dipped Mica 
1.5-20 pF ARCO 402 
4.0-40 pF ARCO 403 
| 100 pF Dipped Mica 
1000 pF UNELCO 
1.0uF 35 V Tantalum 
0.6 Inch #18 AWG 
2 Turns x 0.25 inch 1D #18 AWG 
Ferroxcube VK200 
2.2 #H Molded Choke 


FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — SERIES EQUIVALENT IMPEDANCE 


OD 
ox 
CXS Pout = 1.5 W 
OOS 


SOOO AAO 
eeccennneteneneen 
LR OOS 


Pout, OUTPUT POWER (WATTS) 


25 50 75 100 125 150 175 200 225 
Pin, INPUT POWER (mW) 
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MRF227 


CASE 79-03, STYLE 5 


MAXIMUM RATINGS 
| Rating =| Symbol | Value | Unit 
| Collector-Base Voltage | Vcpo | 86 

Emitter-Base Voltage | Vepo | 400 | mde | 
Total Device Dissipation @ Tc = 25°C Cae ee lowes) 

Derate above 25°C mw/°C 


Storage Temperature 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


[SSC haracteistlo «dmb | Min | tp | Mee | Ue 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 16 Vde 
(I¢ = 50 mAdc, Ip = 0) 
Collector-Emitter Breakdown Voltage V(BR)CES 36 Vde 
(Ic = 50 mAdc, Veg = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(l— = 1.0 mAdc, Ic = 0) 
Collector Cutoff Current ICBO mAdc 
(VcB = 15 Vdc, Ie = 0) 
Collector Cutoff Current ICES 
(VCE = 15 Vdc, VgeE = 0, Tc = 55°C) : 


ON CHARACTERISTICS 


DC Current Gain hee 
(I¢ = 100 mAdc, VcE = 5.0 Vdc) 


SMALL SIGNAL CHARACTERISTICS 


Output Capacitance Cobo pF 
(VcB = 12.5 Vde, Ile = 0, f = 1.0 MHz) 


FUNCTIONAL TEST (FIGURE 1) 


Common-Emitter Amplifier Power Gain 
(Pout = 3-0 W, Vcc = 12.5 Vde, f = 225 MHz) 


Collector Efficiency 
(Pout = 3.0 W, Vcc = 12.5 Vde, f = 225 MHz) 
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MRF227 


FIGURE 1 — 225 MHz TEST CIRCUIT 


C1,C2,C3,C4 ARCO 420 
1000 pF, UNELCO 
0.047 pF, ERIE 
1.0 pF, TANTALUM 
#18 AWG, 1” Wire Length 
VK200-4 Ferroxcube 


1 Turn, #18 AWG, 1/4”. ID x 
2°’ Wire Length 


0.15 wH DELEVAN Molded Choke 


Board — Glass Teflon, Ep = 2.56, t = 0.062" 


Input/Output Connectors — Type N 


FIGURE 2 — INPUT POWER versus OUTPUT POWER —- 125 V 
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Ey Vcc = 12.5 Volts 
a f = 225 MHz 
fs ae (Tuned @ 3 W out) 
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FIGURE 4 — INPUT POWER versus OUTPUT POWER — 7.5 V 
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FIGURE 3 — INPUT POWER versus OUTPUT POWER — 13.6 V 
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Vcc = 13.6 Volts 


Pout, OUTPUT POWER (WATTS) 


oz 
Ey f= 225 MHz 
il (Tuned @ 3 W out) 
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0.01 
Pin, INPUT POWER (WATTS) 


FIGURE 5 — OUTPUT POWER versus SUPPLY VOLTAGE 


5.0 
-- Pin = 0.09 Watts 


f = 225 MHz 
4.0 (Tuned @ 3 W out) 
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Pout, OUTPUT POWER (WATTS) 


Vcc, SUPPLY VOLTAGE (VOLTS) 
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FIGURE 6 — SERIES EQUIVALENT IMPEDANCE 
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MRF229 
MRF230 


MRF229 
CASE 79-03, STYLE 5 


MAXIMUM RATINGS 


MRF230 
CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


THERMAL CHARACTERISTICS 


| Characteristic | Symbol | Max | Unit 
HIGH FREQUENCY TRANSISTOR | | Thermal Resistance, Junction toCase | Rac | 38 | CW 


NPN SILICON (1) These devices are designed for RF operation. The total device dissipation rating 
applies only when the devices are operated as Class C RF Amplifiers. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage 


. V(BR)CEO | ‘18 Vde 
(I¢ = 25 mAdc, Ip = 0) 
Collector-Emitter Breakdown Voltage V(BR)CES Vde 
(I¢ = 25 mAdc, VBE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 0.25 mAdc, Ic = 0) . | 
Collector Cutoff Current ICBO mAdc 
(VcBp = 15 Vde, Ie = 0) 
ON CHARACTERISTICS 


DC Current Gain ie hFE 
(I¢ = 250 mAdc, VcE = 5.0 Vdc) 


SMALL SIGNAL CHARACTERISTICS 


Output Capacitance Cobo 25 pF 
(VcB = 12.5 Vde, IE = 0, f = 1.0 MHz) 


FUNCTIONAL TEST (FIGURE 1) 


Common-Emitter Amplifier Power Gain 
(Vcc = 12.5 Vde, Pout = 1.5 W, f = 90 MHz) 


Collector Efficiency 
(Vcc = 12.5 Vdc, Poyt = 1.5 W, f = 90 MHz) 


Load Mismatch VSWR > 30:1 Through All Phase 
(Vcc = 12.5 Vde, Poyt = 1.5 W, f = 90 MHz, Tc < 25°C) Angles in 3 Second Interval 
After Which Devices Will Meet 
Gpg Test Limits 
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FIGURE 1 — 90 MHz TEST CIRCUIT SCHEMATIC 


RF 
Output 
RFE 
Input 
C1 5.0-80 pF, ARCO 462 c9 20 uF, 15 Vde TANTALUM 
C2,C6 25-280 pF, ARCO 464 L1 2 Turns, #18 AWG, 3/8" 1.0. 3/8" Long 
C3 250 pF UNELCO . L2 2.5 Turns, #20 AWG, on Ferrite Bead. 
C4 10 pF UNELCO FERROXCUBE 56-590-65-3B 
C5 9.0-180 pF, ARCO 463 L3 3 Turns, 718 AWG, 3/8" 1.D., 1/2" Long 
C7 1000 pF UNELCO L4 0.68 wH, 9230-16 MILLER Molded Choke 
c8 0.47 pF ERIE Disc Ceramic L5 Ferrite Bead, FERROXCUBE 56-590-65-3B 
R1 4.7 OHM, 1/2 W, 10% Carbon 
Input/Output Connectors — Type BNC 
FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus FREQUENCY 
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FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 

a 

ae 

— 

= 

ei 

=S 

= 

pow 

=> 

a 

mal 

pa) 

[on } 

Vcc, SUPPLY VOLTAGE (VOLTS) 
SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


7-141 


TL cae ate EA ERR Het ae ce ae Be ene ~ 


MRF229 @ MRF230 


FIGURE 5 
SERIES EQUIVALENT INPUT IMPEDANCE ‘SERIES EQUIVALENT OUTPUT IMPEDANCE 
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FIGURE 6 — PARALLEL EQUIVALENT INPUT RESISTANCE FIGURE 7 — PARALLEL EQUIVALENT INPUT CAPACITANCE 
versus FREQUENCY versus FREQUENCY 
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FIGURE 8 — PARALLEL EQUIVALENT OUTPUT RESISTANCE FIGURE 9 — PARALLEL EQUIVALENT OUTPUT CAPACITANCE 
versus FREQUENCY versus FREQUENCY 


Rout, PARALLEL EQUIVALENT 
OUTPUT RESISTANCE (OHMS) 
Cout, PARALLEL EQUIVALENT 


OUTPUT CAPACITANCE (pF) 


f, FREQUENCY (MHz) {, FREQUENCY (MHz) 
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MRF237 


CASE 79-03, STYLE 5 


MAXIMUM RATINGS 


Total Device Dissipation @ Tc = 25°C 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


Derate above 25°C 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


a 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 18 Vdc 
(I¢ = 10 mAdc, ig = 0) . 

Collector-Emitter Breakdown Voltage V(BR)CES Vde 
(Ic = 5.0 mAdc, Vee = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 1.0 mAdc, Ic = 0) 

Collector Cutoff Current ICBO mAdc 
(VcB = 15 Vdc, IE = 0) 

ON CHARACTERISTICS 


DC Current Gain hFE 
(I¢ = 250 mAdc, VcgE = 5.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance Cobo pF 
(VcB = 15 Vdc, Ie = 0, f = 0.1 MHz) 


FUNCTIONAL TEST (FIGURE 1) 


Common-Emitter Amplifier Power Gain 
(Pout = 4.0 W, Vcc = 12.5 Vde, 
Ic(max) = 640 mAdc, f = 175 MHz) 


Collector Efficiency 
(Pout = 4.0 W, Vcc = 12.5 Vdc, 
Ic(max) = 640 mAdc, f = 175 MHz) 
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Pout, OUTPUT POWER (WATTS) 


Pout, OUTPUT POWER (WATTS) 


FIGURE 1 — 175 MHz TEST CIRCUIT SCHEMATIC 


3.0- 180 pF, ARCO 463 
1.75 - 30 pF, ARCO 461 
40 pF, UNELCO 

0.01 uF, ERIE 

0.1 uF, ERIE REDCAP 
1.0uF, TANTALUM 
1000 pF, UNELCO 

100 pF UNELCO 
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Pin, INPUT POWER (mW) 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 


Vcc, SUPPLY VOLTAGE (VOLTS) 
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1/2 Turn, #16 AWG, 0.5” I.D. 
1°°, #16 AWG 

0.75" #16 AWG 

1 Turn, 416 AWG, 0.5” 1.0. 

0.15 wH Molded Choke 

1.2 tH Molded Choke 

FERRITE Beads, FERROXCUBE 
#56-570-65/3B 


FIGURE 3 — OUTPUT POWER versus FREQUENCY 


f, FREQUENCY (MHz) 


FIGURE 5 — SERIES EQUIVALENT IMPEDANCE 
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SMALL-SIGNAL DEVICES 


MRF313 
MRF313A 


MRF313 
CASE 305A-01, STYLE 1 


MAXIMUM RATINGS 
Rating 


MRF313A 


mn) 


d] 


THERMAL CHARACTERISTICS LY 


[Characters __—*(| Symbol | Max [ Unt] | HIGH FREQUENCY TRANSISTOR 


ELECTRICAL CHARACTERISTICS (Ta, = 25°C unless otherwise noted.) 


characteristic Smbot Tmin [typ [Mex [Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage | V(BR)CEO Vde 
(I¢ = 10 mAdc, Ip = 0) 
Collector-Emitter Breakdown Voltage V(BR)CES Vde 
(I¢ = 5.0 mAdc, VBE = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(I¢ = 0.1 mAdc, IE = 0) . 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 1.0 mAdc, Ic = 0) 
Collector Cutoff Current ICEO mAdc 
(VcE = 20 Vdc, Ip = 0) 


ON CHARACTERISTICS 


DC Current Gain hFE 
(Ic = 100 mAdc, Vce = 10 Vdc) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(ic = 100 mAdc, VcE = 20 Vdc, f = 200 MHz) 


Output Capacitance 
(VcB = 28 Vdc, IE = 0, f = 1.0 MHz) 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain(1) 
(Vcc = 28 Vdc, Poyt = 1.0 W, f = 400 MHz) 
Collector Efficiency 
(Vcc = 28 Vdc, Pout = 1.0 W, f = 400 MHz) 


Series Equivalent Input Impedance 
(Vcc = 28 Vdc, Poyt = 1.0 W, f = 400 MHz) 


Series Equivalent Output Impedance 
(Vcc = 28 Vdc, Poyt = 1.0 W, f = 400 MHz) 


(1) Class C 
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MRF313 ¢ MRF313A 


FIGURE 1 —- 400 MHz POWER GAIN TEST CIRCUIT 


RF Output 


C1,C2,C4 1.0-20 pF JOHANSON 9063 5 Turns, AWG #20, %’’ 1.D. 
C3 1.0-10 pF JOHANSON Ferrite Bead, FERROXCUBE R 4.7 Ohms, % W 
C5 150 pF Chip No. 56-590-65/4B Z1 2.0’ x 0.1’ MICROSTRIP LINE 
Cé6é 0.1 uF FERROXCUBE VK200-20/4B 22,23 2.6’’x 0.1’° MICROSTRIP LINE 
C7,C8 680 pF Feedthru Input/Output Connectors — Type N 
C9 1.0 uF TANTALUM Board — Glass Teflon, € = 2.56, t = 0.062”’ 
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MRF402 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 
[Collector-Emitter Voltage | Vceo | 18 |e 
|Collector-Base Voltage | Mcp | 86 | Ve 
[Emitter-Base Voltage | Vepo | 40 |e 
[Collector Current — Continuous | ic =| |e 


Total Device Dissipation @ Ta = 25°C Watts 
Derate above 25°C mWw/°C 


Storage Temperature 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.] 


po haractoristic | Symbot | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(Ic = 100 mAdc, ig = 0) 

Collector-Emitter Breakdown Voltage . V(BR)CES Vde 
(I¢ = 100 mAdc, VpE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 0.25 mAdc, Ic = 0) 

Collector Cutoff Current ICBO mAdc 
(VcB = 15 Vdc, Ie = 0) 


ON CHARACTERISTICS 


DC Current Gain nFE 
(lc = 250 mAdc, Vcg = 5.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance Cobo 
(VcB = 15 Vdc, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TEST (FIGURE 1) 


Common-Emitter Amplifier Power Gain 
(Vcc = 12.5 Vdc, Pout = 1.0 W, Ic(max) = 160 mAdc, f = 50 MHz) 


Collector Efficiency . 
(Vec = 12.5 Vde, Pout = 1.0 W, Ic(max) = 160 mAdc, f = 50 MHz) 
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FIGURE 1 — 50 MHz TEST CIRCUIT SCHEMATIC 


C1,C2,C5 — 25-280 pF, ARCO 464 or equiv. 
C3 — 40 pF, 500 Vde UNELCO 
C4 — 9.0-180 pF ARCO 463 or equiv. 
C6 — 1000 pF feedthru 
C7 — 0.1 wF, 75 Vde 


RF 
Output 


L1— 2 Turns No. 18 AWG, 3/8” |.D. 
L2 — 2 1/2 Turns, Small Ferrite Bead 
L3— 5 Turns No. 18 AWG, 3/8" |.D. 
L4— 1.0 wH RF Choke 
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SMALL-SIGNAL DEVICES 


MRFSO1 
MRF502 


CASE 20-03, STYLE 10 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 


Emitter-Base Voltage 


Collector Current ae ee ee ee 
Total Device Dissipation @ Ta = 25°C mw 
Derate above 25°C mW/°C 


- Storage Temperature —65 to +200 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


Refer to 2N5179 for curves 


| Characteristic | Symbot_ | min | typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(Ic = 3.0 mAdc, Ig = 0) 


Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 1.0 wAde, IE = 0) MRF501 
coe Maal ll ll i 


MRF502 
” --{[-[2¢|™ 


Emitter-Base Breakdown Voltage 
(IE = 1.0 wAdce, Ic = 0) 
Collector Cutoff Current 
(VcB = 1.0 Vdc, IE = 0) MRF501 
MRF502 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 1.0 mAdc, VcgE = 6.0 Vdc) MRF501 
MRF502 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 5.0 mAdc, VcgE = 6.0 Vdc, f = 100 MHz) MRF501 
MRF502 


Collector-Base Capacitance 
(VcB = 10 Vdc, IE = 0, f = 0.1 to 1.0 MHz) 


Collector Base Time Constant 
(IE = 2.0 mAdc, Vcp = 6.0 Vde, f = 31.8 MHz) 


Noise Figure (Figure 1) 
(I¢ = 1.5 mAdc, Vcg = 6.0 Vdc, MRF501 
Rs = 50 ohms, f = 200 MHz) MRF502 


FUNCTIONAL TEST 
Common-Emitter Amplifier Power Gain (Figure 1) 


(Voc = 6.0 Vdc, I¢ = 5.0 mAdc, f = 200 MHz) MRF501 
| MRF502 
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FIGURE 1 — 200 MHz AMPLIFIER POWER GAIN 
AND NOISE FIGURE CIRCUIT 


1N3195 
eae ania | 
1N3195 + i. 
oc Do ! w = 20-19 10.502 
COMMON Tizoo C7 LOAD 
= 1.0 - 5.0 fa) 
FROM S00 ~ 91 4 | (EXTERNAL wy, 
SOURCE 992 uF ul nf SHIELD ee 
ce L2 C6 
Cin C2 » Ol pF = = 
= 30-35 2.0 - 10 
= ~ fe al? RFC 
10 k 1 0.001 pF 1.0 uH 
-VEE O-O oO Vcc 
1200 aru a “Ti2e0 


L1 13/4 Turns, #18 AWG, 0.5” Long, 0.5” Diameter 
L2 2 Turns, #16 AWG, 0.5” Long, 0.5” Diameter 
L3 2 Turns, #18 AWG, 0.25” Long, 0.5” Diameter, Position Approximately 0.25” from L2 
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MRF511 


CASE 244A-01, STYLE 1 


MAXIMUM RATINGS 


Collector-Base Voltage | Vcpo | 35 =| vac | 
Temitter-Base Voltage ——~=S=S~*~dtCw | 
Total Device Dissipation @ Tc = 25°C Cee Tae. ee 
Derate above 25°C 28.6 mW/°C 
sud Torquett) ———SSsC~=“*~“‘~*~—rSCSCSSC*idSC(C‘ SOL Cm 


(1) For Repeated Assembly use 5 In. Lb. 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


[Chater emt | Min | ty | en | ne 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CEO dc 
(i¢ = 5.0 mAdc, ip = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 100 wAdc, ig = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 100 pAdc, Ic = 0) ; 
Collector Cutoff Current ICEO pAdc 
(VcE = 15 Vdc, Ip = 0) 
ON CHARACTERISTICS 


DC Current Gain | hFE 25 
(I¢ = 80 mAdc, VcE = 10 Vdc) 
Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(Ic = 100 mAdc, Ip = 10 mAdc) 
SMALL SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product fT 
(I¢ = 80 mAdc, Vcge = 20 Vdc, f = 200 MHz) 
Output Capacitance Cobo 
(VcB = 20 Vdc, IE = 0, f = 1.0 MHz) 
Noise Figure NF 7.3 
(I¢ = 50 mAdc, Vcge = 20 Vdc, f = 200 MHz) 


FUNCTIONAL TEST (FIGURE 1) 
Common-Emitter Amplifier Power Gain 
(VcE = 20 Vdc, Ic = 80 mAdc, f = 250 MHz) 


2nd Order Intermodulation Distortion 
(VcE = 20 Vdc, Ic = 80 mAdc, Voyt = +50 dBmV, 
Chn 2 + Chn 13 = 266.5 MHz) 


Cross-Modulation Distortion 
(VcE = 20 Vde, Voyt = +50 dBmV, Ic = 80 mAdc) 


V 


Triple Beat 
(VcE = 20 Vdc, Ic = 80 mAdc, Voyt = +50 dBmV, 
Chn 2 + Chn3 + ChnE = 261.75 MHz) 
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C1,C3,C4,C5,C6 0.002 uF Ceramic Disc 
C2 0.35-3.5 pF JOHANSON 4702 


2 Turns, #20 AWG, 1/8’' 1.0., 0.2 ’’ Long 


5 pH, Ferrite Choke, MILLER 


18 Turns, #24 AWG Enamelled, on Ferrite Torrid Core 


FERROXCUBE 1041T060-4C7 


5 Turns, #20 AWG, 3/16’ 1.0., 0.35’ 


FIGURE 2 — CURRENT-GAIN—BANDWIDTH PRODUCT 
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Ic, COLLECTOR CURRENT (mA) 


FIGURE 4 — INPUT CAPACITANCE 


Cib, INPUT CAPACITANCE (pF) 


0 1.0 2.0 3.0 4.0 5.0 
Veg, EMITTER-BASE VOLTAGE (VOLTS) 
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Cob, OUTPUT CAPACITANCE (pF) 


_ FIGURE 1 — 40 to 330 MHz BROADBAND TEST CIRCUIT SCHEMATIC 


RF Output 


CIRCUIT PER FORMANCE 


input/Output Return Loss 
Flatness 

Gain 

Bandwidth 


4.7 k2, 1/4W, 10% 
27 22, 1W, 10% 
27 2, 1W,10% 
300 22, 1/4W, 10%. 


Input/Output Connectors — Type F 
Zo — 75 Ohms | 


FIGURE 3 — OUTPUT CAPACITANCE 


8.0 12 16 20 24 28 
Vcp, COLLECTOR-BASE VOLTAGE (VOLTS) 


FIGURE 5 — BROADBAND NOISE FIGURE 
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FIGURE 7 — 12 CHANNEL CROSS-MODULATION 
versus COLLECTOR CURRENT 


FIGURE 6 — 12 CHANNEL CROSS-MODULATION 
versus COLLECTOR-EMITTER VOLTAGE 
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Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


Ic, COLLECTOR CURRENT (mA) 


FIGURE 9 — 30 CHANNEL CROSS-MODULATION 


FIGURE 8 — 30 CHANNEL CROSS-MODULATION 
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FIGURE 10 — 30-CHANNEL CROSS-MODULATION versus 
= +60 dBm 
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Bee FIGURE 12 — TRIPLE BEAT versus 
FIGURE 11 — TRIPLE BEAT versus COLLECTOR CURRENT COLLECTOR-EMITTER VOLTAGE 


30 


_ Vee = 20 Vde 
Eg = +50 dBmV on Channel 2, 3, E 


TB, TRIPLE BEAT AT 261.75 MHz (-dB) 
i=7] 
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TB, TRIPLE BEAT AT 261.75 MHz (-dB) 
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50 60 70 80 90 100 110 120 15 16 17 18 19 20 21 22 23 24 = 25 
. Ic, COLLECTOR CURRENT (mA) Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 
FIGURE 13 — SECOND ORDER IMD versus COLLECTOR FIGURE 14 — SECOND ORDER IMD versus COLLECTOR. 


CURRENT EMITTER VOLTAGE 


Vce = 20 Vde 


Eg = +50 dBmV on Channel 2, 13 


DISTORTION AT 266.5 MHz (-dB) 


DISTORTION AT 266.5 MHz (-dB) 
IMD, SECOND ORDER INTERMODULATION 


IMD, SECOND ORDER INTERMODULATION 


50 60 70 80 90 100 110 120 16 16 7 18 19 20 21 22 23 24 = 
Ic, COLLECTOR CURRENT (mA) Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 15 — INPUT REFLECTION COEFFICIENT (S11) AND OUTPUT 
REFLECTION COEFFICIENT (S22) versus FREQUENCY 
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FIGURE 16 — FORWARD TRANSMISSION 
COEFFICIENT (S21) versus FREQUENCY 
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FIGURE 17 — REVERSE TRANSMISSION 
COEFFICIENT (S12) versus FREQUENCY 
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CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


| Rating | Symbol | Value | Unit 
| Collector-Emitter Voltage | Veo | 20 |e 
[Colector-Base Voltage | Vcwo | 88 | Vic 

[Emitter-Base Voltage | Vewo | 40 |e 
[Collector Current — Continuous | ic =| 180 | mA | 


Total Device Dissipation @ T¢ = 25°C Watts 
Derate above 25°C mWw/°C 


Storage Temperature —65 to +200 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic [Symbol | Min | Typ | Max | Unit _| 


Collector-Emitter Breakdown Voltage | V(BR)CEO Vde 
(I¢ = 5.0 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(I¢ = 100 wAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(le = 100 wAdc, Ic = 0) 

Collector Cutoff Current ICEO 
(VcE = 15 Vdc, Ig = 0) 

ON CHARACTERISTICS 


DC Current Gain | hfe 
(I¢ = 50 mAdc, VcgE = 10 Vdc) 

Collector-Emitter Saturation Voltage 7 VCE(sat) 
(I¢ = 50 mAds, Ip = 5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 100 mAdc, Vcg = 10 Vde, f = 200 MHz) 


Output Capacitance 
(VcB = 12.5 Vdc, Ile = 0, f = 1.0 MHz) 


FUNCTIONAL TEST (FIGURE 1) 


Common-Emitter Amplifier Power Gain 
(Vcc = 12.5 Vde, Pout = 0.75 W, f = 470 MHz) 


Collector Efficiency 
(Vcc = 12.5 Vde, Pout = 0.75 W, f = 470 MHz) 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


OFF CHARACTERISTICS 


Series Equivalent Input Impedance 
(Vcc = 12.5 Vdc, Pout = 0.75 W, f = 470 MHz) 


Series Equivalent Output Impedance 
(Vcc = 12.5 Vde, Pout = 0.75 W, f = 470 MHz) 
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FIGURE 1 — 470 MHz TEST CIRCUIT. 


C1,C2,C3 - 1.0-10 pF JOHANSON BOARD = 0.032’ TEFLON GLASS, 

C4 - 0.1 WF disc ER=2.5 
C5 -1.0uF TANTULAM 
C6 - 0.018 WF chip 
C7 - 1000 pF Feedthru 

L1,L2 - 0.15 uF Choke 
L3 - Bead Ferrite 

21,22 - 0.09” x 0.5’ LINE, Z, = 100 2 
23 - 0.18" x 1.0’ LINE, 2, = 502 


FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — CURRENT-GAIN — BANDWIDTH PRODUCT 
; versus COLLECTOR CURRENT 


Pout, OUTPUT POWER (WATTS) 


Pin, INPUT POWER (mW) I¢, COLLECTOR CURRENT (mA) 


FIGURE 4 — OUTPUT CAPACITANCE versus COLLECTOR BASE VOLTAGE 


Cob, OUTPUT CAPACITANCE (pF) 


0 
0 2.0 40 6.0 8.0 10 12 14 16 18 20 
Veg, COLLECTOR-BASE VOLTAGE (VOLTS) 
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FIGURE 5 — S41 and S99 versus FREQUENCY 
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FIGURE 7 — S21 versus FREQUENCY 
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MAXIMUM RATINGS CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


Rating 


VCBO 
VEBO 
Collector Current — Continuous 


Total Device Dissipation @ Tc = 50°C 
Derate above 50°C 


2.5 
20.0 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


Ic 
Junction Temperature Ty 
—65 to +200 


THERMAL CHARACTERISTICS 


Symbot_| Max 
Thermal Resistance, Junction to Case Rec | 50s] ecw 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


[SSC haractrstlo «demo (| Min | te | Mee | Ue 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO _ Vde 
(I¢ = 5.0 mAdc, Ip = 0) 
Collector-Emitter Breakdown Voltage V(BR)CER Vdc 
(I¢ = 5.0 mAdc, RgeE = 330 Ohms) 
Collector-Base Breakdown Voltage V(BR)CBO Vde 
(I¢ = 100 pAdc, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(Ile = 100 wAdc, Ic = 0) 
Collector Cutoff Current ICEO pAdc 
(VcE = 15 Vdc, Ip = 0) 
ON CHARACTERISTICS 


DC Current Gain hee 
(I¢ = 60 mAdc, Vce = 10 Vdc) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 60 mAdc, VcE = 15 Vdc, f = 200 MHz) 


Output Capacitance 
(VcB = 15 Vdc, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TEST (FIGURE 1) 


Common-Emitter Amplifier Power Gain 
(VcE = 15 Vde, I¢ = 60 mAdc, f = 300 MHz) 
Broadband Noise Figure 
(VcE = 15 Vde, Ic = 50 mAdc, f = 300 MHz). 


2nd Order Distortion 
(VcE = 15 Vde, Ic = 60 mAdc, Egyt = +45 dBmV, 


Ch 2 + ChG = 212.5 MHz) 


NCTA Cross Modulation Distortion, 12 Ch’s (2-13) 
(VcE = 15 Vdc, Ic = 60 mAdc, Eoyt = +45 dBmV, 
Measured at Ch’s 2 and 13) 


Triple Beat Distortion, 3 Ch’s 
(VcE = 15 Vdc, Ic = 60 mAdc, Eoyt = +45 dBmV, 
Ch’s (4 + 5 + A) = 265 MHz) 
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RF Input 
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FIGURE 1 — POWER DISSIPATION 
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Tc, CASE TEMPERATURE (°C) 


FIGURE 2 — 40 to 330 MHz BROADBAND TEST CIRCUIT SCHEMATIC 
L3 


L1 
C2 
R1 
L2 
C1 
+VeBB 
C3 


1.0 —10pF JOHANSON 
0.002 uF Ceramic Disk 


°0.1 uF, 50 Vde Tantalum 


1000 pF Button 

1 Turn, #20 AWG 

5.6 “4H Molded Choke 

4 Turns, #20 AWG, 1/4" 1.D. 
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R2 R3 


L4 
T1 


R41 
R2,R3 
R4 


C5 


VK200 


RF Output 


16:1 Bifilar Wound, #20 AWG Enameted Wire, 
Wound on a FERROXCUBE 1041T060-4C4 Core 


4.7 k82, 1/4 Watt, 10% 
27 82 , 1/4 Watt, 5% 
270 82, 1/4 Watt, 5% 


Input/Output Connectors — Type F 
2g = 75 Ohms 
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FIGURE 4 — COMMON-EMITTER POWER GAIN 
versus FREQUENCY 


FIGURE 3 — TYPICAL RESPONSE CURVE 
(See Figure 2) 
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Ic = 60 mAdc 


Vce = 15 Vde 


f, FREQUENCY (MHz) 
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FIGURE 6 — INPUT CAPACITANCE versus 
EMITTER-BASE VOLTAGE 
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versus COLLECTOR CURRENT 


hfe Measured at 200 MHz 


FIGURE 5 — CURRENT GAIN BANDWIDTH PRODUCT 
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FIGURE 8 — BROADBAND NOISE FIGURE versus 
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ic, COLLECTOR CURRENT (mA) 


Vcp, COLLECTOR-BASE VOLTAGE (VOLTS) 
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FIGURE 9 — 2nd ORDER DISTORTION (f, + f2) versus FIGURE 10 — 12-CHANNEL CROSS MODULATION 
COLLECTOR CURRENT DISTORTION versus COLLECTOR CURRENT 


fy: Ch 2 (55 MHz) 
fo: Ch 13 (211 MHz) 
f3: Ch R (265 MHz) 


IMD, 2nd ORDER DISTORTION (-d8) 
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Ic, COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mA) 


FIGURE 12 — TRIPLE BEAT DISTORTION (f, + f2 + f3) versus 
FIGURE 11 — DIN 45004 CROSS-MODULATION DISTORTION COLLECTOR CURRENT 


oe 


VCE = 15 Vde 
Equt = +45 dBmvV (178 mV/Ch) 


1 = Reference Frequency = 265 MHz 


f2 = 271 MHz, Egy t(2) = Egut -6 dB 
£3 = 273 MHz, Eut(3) = Egut -6 dB 


TB, TRIPLE BEAT (-dB) 


Ch 4 (67 MHz 


f1: ) 
f2: Ch $ (77 MHz) 
f3: Ch A (121 MHz) 


Eout. REFERENCE OUTPUT VOLTAGE (d8yuV) 


-100 -96 -92 -88 -84 -80 -76 -72 -68 -64 -60 
DIN 45004 CROSS MODULATION DISTORTION (dB) Ic, COLLECTOR CURRENT (mA) 


FIGURE 13 — HARMONIC DISTORTION (2f, 3f) versus 
COLLECTOR CURRENT 


VceE = 15 Vdc 
f= 100 MHz 
Pout (f) = OdBm 
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CASE 79-03, STYLE 5 
TO-39 (TO-205AD) 


! HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


MAXIMUM RATINGS 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 50°C : 
Derate above 50°C 0.017 


Storage Temperature — 65 to +200 


THERMAL CHARACTERISTICS 


| Characteristic | Symbol | Max | Unit _| 
Thermal Resistance, Junction to Case Re@Jc } 60 CC 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 5.0 mAdc, Ip = 0) 


Collector-Emitter Breakdown Voltage 
(Ic = 5.0 mAdc, RgE = 330 Ohms) 


Collector-Base Breakdown Voltage 
(I¢ = 0.1 mA, Ie = 0) 


Emitter-Base Breakdown Voltage 
(Ile = 0.1 mA, I¢ = 0) 


Collector Cutoff Current 
(VcE = 15 Vdc, Ig = 0) 


ON CHARACTERISTICS 


| Symbot_| Min | typ | Max | unit _| 


nal Mal il ll Ki 
Ll al Ma Mal Kl 
mee = [= = 
Led all Rl a 
Mo Deol al al 


DC Current Gain hFe “175 
(Ic = 80 mAdc, VceE = 10 Vdc) 


SMALL SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 


(Ic = 50 mAdc, VcgE = 20 Vdc, f = 200 MHz) 


Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TEST (FIGURE 1) 


Common-Emitter Amplifier Power Gain 
(Vcc = 26 Vdc, Pin = 0 dBm, f = 400 MHz) 


Broadband Noise Figure 
_ (VCE = 26 Vdc, f = 400 MHz) 
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FIGURE 71 — 225 to 400 MHz BROADBAND TEST CIRCUIT SCHEMATIC 


Q1 *T.U.T. C7? 
C1 =) RF 
RFE o> Output 
Input ey, 
L5 1 
C2 ao 
L4 
C3 
O +26 Vde 

C1, C2 — 2.5-11 pF Erie Ceramic Variable R6 — 120 2 1/2 Watt Carbon 
C3 — 47 uF 6.0 es zee L1— 1 Turn #24, 0.125 mil 1D 
eax Gs es eae e epi L2, L4 — 0.47 WH Molded Choke 
a aid = a pra ans L3 — 2 Turns #24, 0.125 mil ID 

Seis WEE Pr eeeranic yalene L5 — 4 Turns #24, 0.125 mil ID 
R1 — 150 22 1/8 Watt Carbon Q2 — 2N2907A 
R2 — 100 2 1/8 Watt Carbon 
R3, R4 — 10 kQ 1/8 Watt Carbon *Transistor Under Test 
R5 — 3.3kN 1/8 Watt Carbon Ie = 47 mAdc (Nominal) 

FIGURE 2 — COMMON-EMITTER POWER GAIN (Gmax) FIGURE 3 — CURRENT GAIN BANDWIDTH PRODUCT 
versus FREQUENCY versus COLLECTOR CURRENT 


G max (dB) 


fy, CURRENT GAIN BANDWIDTH PRODUCT (MHz) 


100 200 300 400 500 700 1000 0 10 20 30 40 50 60 70 80 90 100 


f, FREQUENCY (MHz) Ic, COLLECTOR CURRENT (mA) 


FIGURE 5 — 1.0 dB GAIN COMPRESSION OUTPUT 
FIGURE 4 — BROADBAND AMPLIFIER RESPONSE versus FREQUENCY 


Measured in circuit 
shown in Figure 1. 


Measured in circuit 
shown in Figure 1. 
Pi, =0dBm 


GAIN (dB) 
co 
fom) 
Pout, OUTPUT LEVEL (dBm) 


200 300 400 
f, FREQUENCY (MHz) {, FREQUENCY (MHz) 
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Pout, OUTPUT LEVEL (dBm) 


FIGURE 6 — THIRD ORDER INTERCEPT 


ae oe oe ae 
i a) (a (SDF 
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eee 
- 
+20 < 
a ce a ee 
wy, 
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= Raf hp Measured in circuit —. 
40 aa a a a ee ee shown in Figure 1. 
A eh ee ' Two-Tone Test: 
te Fda Fa RG (a eH A 400 and 402 MHz 
a EO es 
- 10 0 +10 +20 +30 +40 +50 +60 


Pin, INPUT LEVEL (dBm) 
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CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


| Rating | Symbol | Value | Unit _| 
[Collector-émitter Voltage | Veo | 100 | Vo 
[Collector-Base Voltage | cw | 100 |e 
-Emiter-Basevonspe ____} Veso | 38 | Vde_ 


Total Device Dissipation @ Tc = 25°C Watts 
Derate above 25°C ‘a mWw/°C 
Storage Temperature —65 to +200 


THERMAL CHARACTERISTICS 


| Characteristic | Symbol | Max | Unit _| 
Thermal Resistance, Junction to Case R@JC 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


[Characteristic | Symmbol_| Min (| Typ | Max | Unit 


OFF CHARACTERISTICS . 

Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(Ic = 10 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(I¢ = 0.1 mAdc, Iz = 0) 

Emitter-Base Breakdown Voltage | V(BR)EBO Vdc 
(IE = 0.1 mAdc, Ic = 0) 

10 


Collector Cutoff Current 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


(VcE = 75 Vdc, Vee = 0) 
ON CHARACTERISTICS 


DC Current Gain hFE 25 
(lc = 5.0 mAdc, Vcg = 10 Vdc) 

Collector-Emitter Saturation Voltage VCE(sat) _ Vde 
(Ic = 10 mAdc, Ig = 1.0 mAdc) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 50 mAdc, Vcg = 25 Vdc, f = 100 MHz) 


Output Capacitance 


(VcB = 10 Vdc, IE = 0, f = 1.0 MHz) 


Input Capacitance 
(VBE = 3.0 Vdc, Ic = 0, f = 1.0 MHz) 
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FIGURE 1 — CURRENT-GAIN — BANDWIDTH PRODUCT 


FIGURE 2 — INPUT CAPACITANCE 
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FIGURE 4 — DC SAFE OPERATING AREA 


FIGURE 3 — OUTPUT CAPACITANCE © 
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MRF532 


CASE 79-02, STYLE 1 


TO-39 (TO-205AD) 
MAXIMUM RATINGS 


Rating 


HIGH FREQUENCY TRANSISTOR 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(i¢ = 10 mA) 


Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(I¢ = 0.1 mA) 

Emitter-Base Breakdown Voltage V(BR)EBO ~ Vde 
(iE = 0.1 mA) - 
Collector Cutoff Current ICES 10 pAdc 

(VcE = 75 V) 


ON CHARACTERISTICS 


DC Current Gain hFE 25 
(I¢ = 5.0 mA, VcE = 10 V) 

Collector-Emitter Saturation Voltage VCE(sat) 1.0 Vdc 
(i¢ = 10 mA, IB = 1.0 mA) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(i¢ = 50 mA, VcE = 25 V, f = 100 MHz) 


Output Capacitance 
(VcB = 10 V, f = 1.0 MHz) 


MRF534, MRF536 For Specifications, See MM4049 Data. 
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CASE 317-01, STYLE 2 


MAXIMUM RATINGS - | 

| CRating =| Symbol | Value | Unit 
[Collector-Emitter Voltage =| «<Vcco | 8 |e 
| Collector-Base Voltage = | «=VcBO | 86 | 
| Emitter-Base Voltage = | SVB | 80 |e 


Collector Current — Continuous Ic 


Total Device Dissipation @ Tc = 50°C Watts 
Derate above 50°C mw/°c 


Storage Temperature —65 to +150 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


P Characteristic | Symbot_ | in| Typ | Max | Unit | 


OFF CHARACTERISTICS | 

Collector-Emitter Breakdown Voltage . V(BR)CEO Vde 
(I¢ = 5.0 mAdc, Ip = 0) ; 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ie = 100 pAde, IE = 0) 

Emitter-Base Breakdown Voltage : V(BR)EBO Vdc 
(le = 100 Adc, Ic = 0) 

Collector Cutoff Current ICES mAdc 
(VcE = 15 Vde, Veg = 0) 

ON CHARACTERISTICS 


DC Current Gain hee 90 
(i¢ = 50 mAdc, Vce = 10 Vdc) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(ic = 100 mAdc, Vcg = 10 Vdc, f = 200 MHz) 


Output Capacitance 
(VcB = 12.5 Vdc, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (Figure 1) 
(Vcc = 12.5 Vde, Poyt = 0.5 W) 


Collector Efficiency (Figure 1) 
(Vcc = 12.5 Vde, Pout = 0.5 W) 


TYPICAL PERFORMANCE @ Vcc = 7.5 V 


Common-Emitter Amplifier Power Gain 
(Vcc = 7.5 Vdc, Pout = 0.5 W) 


Collector Efficiency 
(Vcc = 7.5 Vde, Pout = 0.5 W) 
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FIGURE 1 — 870 MHz TEST FIXTURE 


Z1 —5001.5cm 
Z2 — 3002.5cm 
Z3 — 5090 2.0cm 
Z4— 5001.2 cm 


C1, C2, C4, C5 — 1.0-10 pF Johanson 
C3, C6 — 0.001 pF Chip Capacitor 


C7 — 1.0 uF Tantulam 


1 


4 Turns #26 AWG, 0.3 cm ID, 0.4 cm Long 


t4== 


’ 


25, 26 — 500 1.25cm 


L2, L3 — Ferrite Bead 


Microstrip Elements — er = 1.0 


475 
f, FREQUENCY (MHz) 


FIGURE 3 — OUTPUT POWER versus FREQUENCY 
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FIGURE 2 — OUTPUT POWER versus INPUT POWER 
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FIGURE 5 — OUTPUT POWER versus FREQUENCY 


FIGURE 4 — OUTPUT POWER versus COLLECTOR VOLTAGE 
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FIGURE 6 — Z;, AND Zo, versus COLLECTOR VOLTAGE, INPUT POWER, AND OUTPUT POWER 
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*ZoL = Conjugate of the optimum load impedance into which the device output operates at a given output power, voltage and frequency. 


f 
FREQUENCY 
MHz 


FIGURE 7 — OUTPUT POWER versus INPUT POWER FIGURE 8 — OUTPUT POWER versus FREQUENCY 


f = 870 MHz Vec=7.5V 


Pout OUTPUT POWER (mW) 
Pout) OUTPUT POWER (mW) 


ere 


800 830 860 890 920 950 
Pin, INPUT POWER (mW) f, FREQUENCY (MHz) 
FIGURE 9 — OUTPUT POWER versus COLLECTOR VOLTAGE FIGURE 10 — OUTPUT POWER versus FREQUENCY 
| f= 870 MHz Voc = 12.5 V 


Pout. OUTPUT POWER (mW) 
Pout. OUTPUT POWER (mW) 


: : 800 830 860 890 920 950 
Vcc. COLLECTOR VOLTAGE (V) f, FREQUENCY (MHz) 


FIGURE 11 — Zj, AND Zo, versus COLLECTOR VOLTAGE, INPUT POWER, AND OUTPUT POWER 
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*ZOL= Conjugate of the optimum load impedance into which the device output operates at a given output power, voltage and frequency. 


MOTOROLA SEMICONDUCTORS i SMALL-SIGNAL DEVICES 


7-172 


celal BARS mE, fete Ro 


iiseemes «= 


MRF559 


1S2414 
(1484/2) (14S2a]2) 


Guimax) 


2000 


in 
al 


ete Pl Vb ad 
tA +t 


oO 
So 
uo 
~- 


50-100 mA 


10V, Ic= 


FIGURE 12 — GAIN versus FREQUENCY 
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FIGURE 14 — NOISE FIGURE AND ASSOCIATED GAIN 


FIGURE 13 — GAIN versus eo CURRENT 
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FIGURE 15 — CURRENT GAIN BANDWIDTH PRODUCT 


FIGURE 16 — OUTPUT CAPACITANCE versus 


versus COLLECTOR CURRENT 
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FIGURE 17 — COMMON EMITTER SCATTERING PARAMETERS 
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FIGURE 18 — TUNABLE TEST FIXTURE 


FIGURE 19 — PRINTED CIRCUIT BOARD LAYOUT 


INPUT : OUTPUT 
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MRF571 
MRF572 
MRF573 


MRF571 
CASE 317-01, STYLE 2 


MAXIMUM RATINGS 


Rating 
Pa oe 
| 20 | 20 | 
| 30 | 30 | 


MRF572 
CASE 303-01, STYLE 1 


>< 


MRF573 
CASE 358-01, STYLE 1 


0.75 0.75 Watts 
7.5 7.5 mW/°C 
rss] ss [a] 
HIGH FREQUENCY TRANSISTOR +150 | +200 | +200 
NPN SILICON (1) Case temperature measured on collector lead immediately adjacent to body of 
package. 


Total Device Dissipation 
@ Tc = 100°C(1) 
Derate above 100°C 


Stk 
| 20 
| 30 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


| Characturistic | Symbot_| Min | Typ | Max | Unit 


OFF CHARACTERISTICS ; 

Collector-Emitter Breakdown Voltage V(BR)CEO 12 Vde 
(Ic = 0.1 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 1.0 mAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 50 wAde, Ic = 0) 

Collector Cutoff Current © % ICBO 10 pAdc 
(VcB = 8.0 Vdc, IE = 0) a. 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(VcE = 8.0 Voc, Ic = 50 mA, f = 1.0 GHz) 
Collector-Base Capacitance 
(VcB = 6.0 Vdc, Ie = 0, f = 1.0 MHz) 
FUNCTIONAL TEST 
Noise Figure 
(I¢ = 5.0 mAdc, VcgF = 6.0 Vdc, f = .50 GHz) 
(I¢ = 5.0 mAdc, Vcg = 6.0 Vdc, f = 1.0 GHz) 
(Ic = 5.0 mAdc, Vcg = 6.0 Vde, f = 2.0GHz) = MRF571 
(Ic = 5.0 mAdc, Vcg = 6.0 Vde, f = 2.0 GHz) MRF572,573_ 
Gain @ Noise Figure . “4 aaa 
(VcE = 6.0 Vdc, Ic = 5.0 mAdc, f = .50 GHz) 
(VCE = 6.0 Vde, ic = 5.0 mAdc, f = 1.0 GHz) 


MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


7-176 


MRF571 @ MRF572 e MRF573 


FIGURE 1 — Cop, COLLECTOR-BASE CAPACITANCE FIGURE 2 — Cjp, INPUT CAPACITANCE 
versus VOLTAGE versus EMITTER BASE VOLTAGE 


1.25 


Cob, COLLECTOR-BASE CAPACITANCE, pF 
Cip, INPUT CAPACITANCE (pF) 


0 10 20 30 40 50 60 70 80 90 10 
Vly, COLLECTOR-BASE VOLTAGE (Vdc) 


FIGURE 3 — MRF571 — GAIN AT NOISE FIGURE AND FIGURE 4 — MRF572, MRF573 — GAIN AT NOISE FIGURE 
NOISE FIGURE versus FREQUENCY AND NOISE FIGURE versus FREQUENCY 


Gn, GAIN AT NOISE FIGURE (dB) 
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FIGURE 5 — MRF571, MRF572 and MRF573 — GAIN AT NOISE FIGURE 6 — fy, CURRENT GAIN-BANDWIDTH PRODUCT 
FIGURE AND NOISE FIGURE versus COLLECTOR CURRENT versus COLLECTOR CURRENT 
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MRF571 @ MRF572 e MRF573 


FIGURE 7 — Ga MAX, MAXIMUM AVAILABLE GAIN 


FIGURE 8 — 1.0 dB COMPRESSION PT. 


AND THIRD ORDER INTERCEPT 


versus FREQUENCY 
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FIGURE 10 — MRF572, MRF573 — Gymax and |S24/2 


- FIGURE 9 — MRF571 — Gymax and |S94/2 
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MRF571 @ MRF572 e MRF573 


MRF571 MRF571 
INPUT/OUTPUT REFLECTION COEFFICIENTS FORWARD/REVERSE TRANSMISSION 
versus FREQUENCY (GHz) COEFFICIENTS versus FREQUENCY (GHz) 
VceE = 6.0 V, ic = 5.0mA VcE = 6.0 V, Ic = 5.0 mA 
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MRF571 © MRF572 e MRF573 


MRF572 | | | MRF572 


" INPUT/OUTPUT REFLECTION FORWARD/REVERSE COEFFICIENTS 
COEFFICIENTS versus FREQUENCY (GHz) versus FREQUENCY (GHz) 
VcE = 6.0 V, Ic = 5.0 mA VcE = 6.0 V, Ic = 5.0 mA 


+j50 
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MRF571 @ MRF572 e MRF573 


MRF673 MRF573 
INPUT/OUTPUT REFLECTION FORWARD/REVERSE COEFFICIENTS 
COEFFICIENTS versus FREQUENCY (GHz) versus FREQUENCY (GHz) 
VcE = 6.0 V, Ic = 5.0 mA VcE = 6.0 V, Ic = 5.0 mA 
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MRF571 @ MRF572 e MRF573 


MRF571 — CONSTANT GAIN and NOISE FIGURE CONTOURS 


Vce = 6.0 V, Ic = 5.0 mA 
+{250 CE 'C 

250 500 MHz 
— REGION OF INSTABILITY 
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MRF571 @ MRF572 e MRF573 


MRF572, MRF573 — CONSTANT GAIN and NOISE FIGURE CONTOURS 


VcE = 6.0 V,1 = 5.0mA 
f = 500 MHz 
— REGION OF INSTABILITY 
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MRF571 @ MRF572 @ MRF573 


RFC4 


F.B. R1 25 


i | dite 


MRF571 1.0 GHz TEST CIRCUIT 


2 FB. FB. nee 


cm 
Z1 Z2 Z3 Z4 Z6 Z7 Z8 
RF Cf) (nx RF 
a A KE SS Giicet 
C1 C2 
: DUT 
Ci, C2, C6 560 pF Chip Capacitor RFC1, RFC2 VK-200, Ferroxcube 
C5, C7 0.018 uF Chip Capacitor Z1-Z9 Microstrip, See Photomaster 
C3, C8 0.1 wF Mylar Capacitor Bead Ferrite Bead, Ferroxcube 56-590-65/3B 
C4, C9 1.0 wF Electrolytic Capacitor Board Material 0.0625” Teflon Fiberglass ey = 2.5 + 0.05 
R1 2.7 kX 


MRF571 TEST CIRCUIT 


em 
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MRF572, 573 1.0 GHz TEST FIXTURE 


eed F.B. RI 44 . 27 FR FB. RFC2 


Ve8 i a ee ee Veo 


— > 1.27 rae a 2.57 ~«— 
‘om cm 
ae Z1 Z2 23 Z5 Z6 
wv, Da ee S ‘e 
api eG eel ee oe 
C1 C2 
DUT 

C1, C2, C6, C7 560 pF Chip Capacitor RFC1, RFC2 VK-200, Ferroxcube 

C5, C8 0.018 uF Chip Capacitor Z1-27 Microstrip, See Photomaster 

C3, C9 0.1 wF Mylar Capacitor Bead Ferrite Bead, Ferroxcube 56-590-65/3B 

C4, C10 1.0 uF Electrolytic Capacitor = Board Material 0.031” Teflon Fiberglass er = 2.5 + 0.05 


R1 2.7 kX 


MRF572, 573 TEST CIRCUIT a 
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MRF571 @ MRF572 @ MRF573 


_ PHOTOMASTER OF MRF571 CIRCUIT LAYOUT 


PHOTOMASTER OF MRF572, 573 CIRCUIT LAYOUT 


MRF572-573 
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MRF581 


CASE 317A-01, STYLE 2 


MAXIMUM RATINGS 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


Rating 


Emitter-Base Voltage VEBO 
Collector Current — Continuous 200 


Total Device Dissipation 
@ Tc = 50°C(1) 2.5 2.5 Watts < 
Derate above Tc = 50°C 25 25 mw/°C 
Operating and Storage Junction Ty, Tstg — 65 to — 65 to °C 
(1) Case temperature measured on collector lead immediately adjacent to body of NPN SILICON 
package. 


CASE 317-01, STYLE 2 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | | Symbot_| Min | typ | Max | Unit _| 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 18 Vdc 
(I¢ = 1.0 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 36 Vde 
(I¢ = 1.0 mAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 0.10 mAdc, Ic = 0) 

Collector Cutoff Current ICBO pAdc 
(VcB = 15 Vdc, Ip = 0) 


Emitter Cutoff Current . 
(VCE = 2.0 Vdc, Vee = 0) 


ON CHARACTERISTICS 


DC Current Gain(1) NFE 200 
(Ic = 50 mAdc, VcgE = 5.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product . 
(ic = 75 mAdc, VcE = 10 Vdc, f = 1.0 GHz) 


Collector-Base Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS 


Noise Figure MRF580/581 
(I¢ = 50 mAdc, VcE = 10 Vdc, f = 0.5 GHz) 


Power Gain at Optimum Noise Figure MRF580 
(I¢ = 50 mAdc, Vcge = 10 Vdc, f = 0.5 GHz) 


Power Gain at Optimum Noise Figure MRF581 
(I¢ = 50 mAdc, Vcg = 10 Vdc, f = 0.5 GHz) Figure 18 


Maximum Available Power Gain MRF580(2) Gmax 
(I¢ = 75 mAdc, Vcg = 10 Vdc, f = 0.5 GHz) 

Maximum Available Power Gain MRF581(2) Gmax 17.5 
(I¢ = 75 mAdc, VcE = 10 Vde, f = 0.5 GHz) 

Intermodulation Distortion §MRF581(3) 
(VCE = 10 V, Ic = 75 mA, Voyt = +50 dBmvV) Figure 16 

(1) 300 us pulse on Tektronix 576 or equivalent. 


(2) Characterized on HP8542 Automatic Network Analyzer. 
(3) 2 Tones, f1 = 497 MHz, f2 = 503 MHz, 3rd Order Single Tone reference. 


Figure 18 


Figure 18 
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MRF580 © MRF581 


FIGURE 1 — Cjp INPUT CAPACITANCE versus VOLTAGE 
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FIGURE 3 — GAIN-BANDWIDTH PRODUCT 


FIGURE 2 — Cop, Cob COLLECTOR-BASE CAPACITANCE 


versus COLLECTOR CURRENT 
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FIGURE 4 — 2ND AND 3RD ORDER INTERCEPT POINTS 
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FIGURE 6 — GA max,» MAXIMUM AVAILABLE GAIN 
versus FREQUENCY 


MRF580 TYPICAL PERFORMANCE 


FIGURE 5 — Gy max-MAXIMUM UNILATERAL GAIN, 
|S24|2 versus FREQUENCY 
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FIGURE 8 — NOISE FIGURE AND GAIN ASSOCIATED WITH 
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FIGURE 7 — NOISE FIGURE AND GAIN ASSOCIATED 
WITH NOISE FIGURE versus FREQUENCY 
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FIGURE 9 — MRF580 COMMON EMITTER S-PARAMETERS 


INPUT/OUTPUT REFLECTION : FORWARD/REVERSE TRANSMISSION 
COEFFICIENT versus FREQUENCY VCE = 10V Ic = 50mA 


COEFFICIENTS versus FREQUENCY 
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iVIRF581 TYPICAL PERFORIMANCE 


FIGURE 11 — Ga max, MAXIMUM AVAILABLE GAIN 


FIGURE 10 — Gy max — MAXIMUM UNILATERAL GAIN, 


versus FREQUENCY 


|S24|2 versus FREQUENCY 
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FIGURE 13 — NOISE FIGURE AND GAIN ASSOCIATED WITH 


FIGURE 12 — NOISE FIGURE AND GAIN ASSOCIATED 


NOISE FIGURE versus COLLECTOR CURRENT 


WITH NOISE FIGURE versus FREQUENCY 
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FIGURE 15 — OUTPUT POWER versus INPUT POWER 


FIGURE 14 — OUTPUT POWER versus INPUT POWER 
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FIGURE 16 — MRF581 COMMON EMITTER S-PARAMETERS 


INPUT/OUTPUT REFLECTION FORWARD/REVERSE TRANSMISSION 
COEFFICIENT versus FREQUENCY VCE = 10V,IC =50mA — coeFFICIENTS versus FREQUENCY 
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-j50 Vce = 10V, 


rms |GaMAX| Rn | NE | NF 
rms | rmt | NFopT | (dB) | (9) | oPT|(500 
0.91/176° osyis¢ | 18 | o| 25 
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FIGURE 18 — FUNCTIONAL CIRCUIT SCHEMATIC 
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FIGURE 19 — Zj, AND Zo, versus COLLECTOR VOLTAGE, INPUT POWER AND FREQUENCY 
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*ZOL = Conjugate of the optimum load impedance into which the device output operates at a given output power, voltage and frequency. 


FIGURE 20 — MRF580/581 TEST FIXTURE SCHEMATIC 
500 MHz 


— 470 pF Chip (Ceramic) R1 — 2.7 kN, 1% W 
— 0.018 uF Chip Capacitor RFC1 — 0.15 wH Molded Choke 
— 0.1 wF Mylar TL1, TL2 — Zo = 26 1, 0.0625 TFG as shown in 
— 1.0 uF, 25 Vdc Electrolytic Photomaster 
— 91 pF Mini-Unelco (C9 Taped 3.68 cm from TL3, TL4 — X/4 Microstrip, Zg = 100 0 
Collector Connection on TL4 as shown) Y1, Y2 — N-Type Connection (Female) 
35-45 pF Johanson Ceramic Capacitor, JMC Y3, Y4 — BNC-Type Connector (Female) 
5801 or Equivalent (C10 Taped 3.12 cm from Board Material — 0.0625” Thick Glass Teflon e, = 2.5 
Base Connection on TL1) 
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FIGURE 21 — PC BOARD PHOTOWASTER 
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| Series Equivalent Output Impedance 


MRF604 


CASE 26-03, STYLE 1 
TO-46 (TO-206AB) 


MAXIMUM RATINGS | | 7 
| Rating | Symbol | Value | Unit 
| Collector-Emitter Voltage | ceo | 20 |S 
| Collector-Base Voltage = | Spo | 40 | 
|Emitter-Base Voltage = | SVeBo | 20 |e 


Total Device Dissipation @ Tc = 25°C Watts 
Derate above 25°C WC 


Storage Temperature — -65 to +200 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


| Characteristic Symbol | Min | typ | Max | Unit _| 


OFF CHARACTERISTICS | 
Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(I¢ = 5.0 mAdc, ig = 0) | 
Collector-Base Breakdown Voltage V(BR)CBO Vde 
(I¢ = 100 wAdc, Ig = 0) 
'Emitter-Base Breakdown Voltage | V(BR)EBO Vde 
(le = 100 wAdc, Ic = 0) 
Collector Cutoff Current ICEO mAdc 
(VcE = 12 Vde, Ip = 0) . 


ON CHARACTERISTICS 


DC Current Gain | % hFE 
(Ic = 50 mAdc, VcE = 5.0 Vde) . 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 50 mAdc, VcE = 10 Vde, f = 200 MHz) 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


Output Capacitance 
(Veg = 12.5 Vde, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TEST (FIGURE 1) — 


Common-Emitter Amplifier Power Gain 
(Vcc = 12.5 Vde, Poyt = 1.0 W, f = 175 MHz) 


Collector Efficiency 
(Vcc = 12.5 Vdc, Pout = 1.0 W, f = 175 MHz) 


Series Equivalent Input Impedance 
(Vcc = 12.5 Vdc, Pout = 1.0 W, f = 175 MHz) 


(Vcc = 12.5 Vde, Pout = 1.0 W, f = 175 MHz) 
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FIGURE 1 — 175 MHz TEST CIRCUIT SCHEMATIC 
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0.15 wH, MOLDED CHOKE 


4 Turns, #16 AWG, 3/8" 1.0., 3/8" Long 


100 82, 1/4 W, 10% 


FIGURE 3 — CURRENT-GAIN BANDWIDTH PRODUCT 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 
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FIGURE 4 — OUTPUT CAPACITANCE versus 


COLLECTOR BASE VOLTAGE 
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MRF607 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


[CollectorEmiver Voge ——=—s«|Vceo | 18 
| Collector-Base Voltage | Vcwo | 86 
| EmitterBase Voltage | Vewo | 0 
| 083 | 
| =65 to +200 | 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


Collector Current — Continuous Fig | 
Total Device Dissipation @ Tc = 75°C(1) ee 


Derate above 75°C 


. | Storage Temperature —65 to +200 


(1) These devices are designed for RF operation. The total device dissipation rating 
applies only when the devices are operated as class B or C RF amplifiers. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot_| min | Max [unit _| 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(lc = 25 mAdc, Ip = 0) 
Collector-Emitter Breakdown Voltage V(BR)CES Vde 
(i¢ = 25 mAdc, Vege = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 0.5 mAdc, Ic = 0) 
Collector Cutoff Current ICEO mAdc 
(VCE = 10 Vde, Ip = 0) 
ON CHARACTERISTICS 


DC Current Gain hFE 20 
(Ic = 50 mAdc, Vcge = 5.0 Vde) 


SMALL SIGNAL CHARACTERISTICS 


Output Capacitance | Cobo 
(VcB = 12 Vdc, Ip = 0, f = 1.0 MHz) 


FUNCTIONAL TEST (FIGURE 1) 


Common-Emitter Amplifier Power Gain 
(Pout = 1.75 W, Vcc = 12.5 Vdc, f = 175 MHz) 


OFF CHARACTERISTICS 


Collector Efficiency 
(Pout = 1.75 W, Vcc = 12.5 Vde, f = 175 MHz) 
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FIGURE 1 — 175 MHz TEST CIRCUIT SCHEMATIC 


+ 
12.5 Vdc 


RF 
Output 


2.7-15 pF, ARCO 461 1 Turn #20 AWG, 3/8" ID 
9.0-180 pF, ARCO 463 3 Turns #20 AWG, 3/8" 1D 
5.0-80 pF, ARCO 462 0.22 nH Molded Choke 
1000 pF UNELCO 0.15 BH Molded Choke 


5 uF, 25 Vdc, TANTALUM with FERROXCUBE 
56-590-65-3B Bead on 
ground lead 


TYPICAL PERFORMANCE DATA 


FIGURE 2 — OUTPUT POWER versus FREQUENCY FIGURE 3 — OUTPUT POWER versus INPUT POWER 
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MRF626 

MRF627 
MRF626 

CASE 305-01, 2 1 


MAXIMUM RATINGS 


; 


inn 


(2) 


MRF627 
CASE 305A-01, STYLE 1 
Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


THERMAL CHARACTERISTICS 


Symbol | Max | _Unit_| 
Thermal Resistance, Junction to Case ReJc | 285 | °C/W 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


TC haracteretlo «dC | Min | tp Moe] Ue 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(Ic = 5.0 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(I¢ = 0.1 mAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 0.1 mAdc, Ic = 0) 

Collector Cutoff Current ICEO mAdc 
(VcE = 12 Vdc, Ip = 0) 
Emitter Cutoff Current mAdc 

(VBE = 3.5 Vdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain hFE 
(i¢ = 50 mAdc, VcE = 10 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 50 mAdc, VcgE = 12.5 Vdc, f = 200 MHz) 
(I¢ = 100 mAdc, Vcg = 12.5 Vde, f = 200 MHz) 
(Ic = 150 mAdc, Vce = 12.5 Vde, f = 200 MHz) 


Output Capacitance . 
(VcB = 12.5 Vdc, IE = 0, f = 1.0 MHz) 


Input Capacitance 
(VBE = 1.0 Vde, Ic = 0, f = 1.0 MHz) 


FUNCTIONAL TEST (FIGURE 1) 


Common-Emitter Amplifier Power Gain 
(Vcc = 12.5 Vde, Poyt = 0.5 W, f = 470 MHz) 


Collector Efficiency 
(Vcc = 12.5 Vde, Poyt = 0.5 W, f = 470 MHz) 


HIGH FREQUENCY TRANSISTOR 
NPN SILICON 


Series Equivalent Input Impedance 
(Vcc = 12.5 Vdc, Poyt = 0.5 W, f = 470 MHz) 


Series Equivalent Output Impedance. 
(Vcc = 12.5 Vdc, Pout = 0.5 W, f = 470 MHz) 
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FIGURE 2 — OUTPUT CAPACITANCE versus 
FIGURE 1 — OUTPUT POWER versus INPUT POWER COLLECTOR BASE VOLTAGE 


f =470 MHz 9.0 
Vec = 12.5 Vde 


Pout, OUTPUT POWER (mW) 


Cob, OUTPUT CAPACITANCE (pF) 
a 
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LEVEL 


0 20 40 60 80 10 12 #214 «2=+16 +~«=#28~=«(20 
Pin, INPUT POWER (mW) Vcp, COLLECTOR-BASE VOLTAGE (VOLTS) 


FIGURE 3 — 470 MHz TEST CIRCUIT SCHEMATIC 


RF 
Output 


Input 


C1,C2 — 1.0-25 pF ARCO 421 L3 — Choke FERROXCUBE VK 200-20-48 Z3— Microstrip Line, 0.50". W x 1.00” L 
C3,C4 — 1.0-25 pF ARCO 421 R1 — 1 Ohm, 1/2 W Carbon Board-Glass Teflon, 3’’ x 5’’ x 0.060” 
c5 — 1.0 pF, 35 V Capacitor 21 — Microstrip Line, 0.25’°’Wx 4.75 "L Mounting Plate is 3’. x 5” x 0.75” 


C6,C7 — 1000 pF Feedthru 22 — Microstrip Line, 0.25". W x 2.00’’ L Input/Output Connectors — Type N 
L1,L2 — 7 Turns, #22 AWG, 0.2’ 1.D. | 


FIGURE 4 — 470 MHz TEST CIRCUIT LAYOUT 


+12.5 Vde 


RF tnput RF Output 


0.220 Dia. 
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FIGURE 5 — TYPICAL S74 and Soo versus FREQUENCY 
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FIGURE 7 — TYPICAL S24 versus FREQUENCY 
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FIGURE 6 — TYPICAL S72 versus FREQUENCY 


MOTOROLA SEMICONDUCTORS 


MRF628 


CASE 249-05; STYLE 1 


MAXIMUM RATINGS 
Rating 


UHF AMPLIFIER TRANSISTOR 


NPN SILICON 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


[SSC haracteitio «dC Symbat |Min | typ Mee | Un 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voitage(1) V(BR)CEO Vdc 
(I¢ = 20 mAdc, Ip = 0) 

Collector-Emitter Breakdown Voltage(1) V(BR)CES 36 Vdc 
(I¢ = 20 mAdc, Veg = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(I¢ = 20 mAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 

(IE = 5.0 mAdc, Ic = 0) 

Collector Cutoff Current ICBO mAdc 
(VcB = 15 Vdc, Ic = 0) 

Collector Cutoff Current ICES mAdc 
(VcE = 15 Vde, Vege = 0, Tc = 25°C) 


ON CHARACTERISTICS 


DC Current Gain hFE 
(I¢ = 100 mAdc, VcgE = 5.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance Cobo 10 
(VcB = 12 Vdc, Ile = 0, f = 1.0 MHz) 


FUNCTIONAL TEST (FIGURES 5 AND 6) 


~Common-Emitter Amplifier Power Gain 
(Vcc = 12.5 Vde, Poyt = 0.5 W, Ic(max) = 80 mAdc, f = 470 MHz) 


Collector Efficiency ; 
(Vcc = 12.5 Vdc, Pout = 0.5 W, Ic(max) = 80 mAdc, f = 470 MHz) 


(1) Pulsed thru 25 mH inductor. 
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FIGURE 1 — SERIES EQUIVALENT 
IMPEDANCE PARAMETERS 


Pout = 0.5 W 
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FIGURE 2 — OUTPUT POWER versus INPUT POWER 
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FIGURE 4 — OUTPUT POWER versus VOLTAGE 
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FIGURE 5 — 470 MHz TEST CIRCUIT 
+12.5 Vde 
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FIGURE 6 — 470 MHz TEST CIRCUIT SCHEMATIC 


C5 L3 C6 


+ 


12.5 Vdc 


RF 
OUTPUT 
RF 
INPUT 
C1,2,3,4 1.0-25 pF ARCO 421 OR EQUIVALENT BOARD-GLASS TEFLON, eR = 2.56, t = 0.062 
C5,6 1000 pF FEEDTHRU CAPACITOR MOUNTING PLATE — 3” x 5” x 0.060” 
c7 1.0 uF, 35 V CAPACITOR INPUT/OUTPUT CONNECTORS - TYPE N 
L1,2 7 TURNS #22 AWG, 0.2” 1.D. 
FERRITE BEADS FERROXCUBE 
56-590-65-3B AS SHOWN ON L1 
L3 1-CHOKE FERRO XCUBE VK-200-20-4B 
SMALL-SIGNAL DEVICES | MOTOROLA SEMICONDUCTORS 
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CASE 79-03, STYLE 5 


MAXIMUM RATINGS 
| CRating | Symbol | 
| Collector-Emitter Voltage | =Vceo | te 
| Collector-Base Voltage | =Vcpo | 
| Emitter-Base Voltage =| Vepo | 40 | (Vd 
| 400 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Storage Temperature 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | Max__| Unit _| 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(Ic = 50 mAdc, Ip = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES Vde 
(I¢ = 50 mAdc, VBE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 1.0 mAde, Ic = 0) 


Collector Cutoff Current 
(VcB = 15 Vdc, Ie = 0) 


ON CHARACTERISTICS 


DC Current Gain hFE 20 
(I¢ = 100 mAdc, VcE = 5.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance Cobo pF 
(Vcp = 12.5 Vde, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TEST (FIGURE 1) 


Common-Emitter Amplifier Power Gain 
(Vcc = 12.5 Vde, Pout = 2.0 W, f = 470 MHz) 


Collector Efficiency 
(Vcc = 12.5 Vde, Pout = 2.0 W, f = 470 MHz) 
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FIGURE 1 — 470 MHz TEST CIRCUIT SCHEMATIC 


RF 
Output 


RF Input 


C1,C5 — 1.5-20 pF, ARCO 402 _ 1.0 uF TANTALUM 

C2,C6 — 1-10 pF, JOHANSON 2951 Copper Strap, 1’ Length x 0.125” 
C3 — 15 pF, UNELCO Width x 0.005” Thickness, x 2.54 cm 
C4 — 25 pF, UNELCO 3.3 4H Molded Choke 

C7 — 8.0-60 pF, ARCO 404 0.15 wH Molded Choke 

c8 — 100 pF, UNELCO BEAD — FERROXCUBE 56-590-65-3B 

cg — 0.047 uF ERIE Disc Cap 100 V INPUT/OUTPUT CONNECTORS — Type BNC. 


FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus FREQUENCY 


f =470 MHz 
Vcc = 12.5 Vde 


Pout, QUTPUT POWER (WATTS) 


Pout, OUTPUT POWER (WATTS) 


Pin, INPUT POWER (WATTS) f, FREQUENCY (MHz) 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE FIGURE 5 — SERIES EQUIVALENT IMPEDANCE 
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CASE 79-03, STYLE 5 


MAXIMUM RATINGS 


[Rating ———~—~—~*d;SC yo ‘| Value | Unit 
Collector-Emitter Voltage — | VcEo _| 


Collector-Base Voltage 


Total Device Dissipation @ Tc = 25°C Pp: 8.75 Watts 
Derate above 25°C 50 mw/c |. 
| Storage Temperature —65 to +200 


THERMAL CHARACTERISTICS 


[Characteristic === Symbol | Max | Unit 
Thermal Resistance, Junction to Case. ReJjc 


UHF AMPLIFIER TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Collector-Emitter Breakdown Voltage V(BR)CEO 16 Vdc 
(i¢ = 50 mAdc, Ig = 0) = 
Collector-Emitter Breakdown Voltage V(BR)CES Vdc 
(I¢ = 50 mAdc, VBE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 1.0 mAdc, Ic = 0) 
Collector Cutoff Current ICES mAdc 
(VCE = 12.5 Vdc, VpeE = 0, Tc = 25°C) 


ON CHARACTERISTICS 


DC Current Gain hee 20 
(Ic = 100 mAdc, VcE = 5.0 Vdc) . : 


SMALL SIGNAL CHARACTERISTICS 


Output Capacitance Cobo pF 
(VcR = 12.5 Vde, Ie = 0, f = 1.0 MHz) 
FUNCTIONAL TEST (FIGURE 1) | 


Common-Emitter Amplifier Power Gain 
(Vcc = 12.5 Vde, Pout = 3.0 W, f = 470 MHz) 


OFF CHARACTERISTICS 


Collector Efficiency 
(Vcc = 12.5 Vde, Pout = 3.0 W, f = 470 MHz) 
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FIGURE 1 — 470 MHz TEST CIRCUIT SCHEMATIC 


12.5 Vde 


RF 
Output 


RF Input 


C1, C7 — 1.5 - 20 pF Johanson L1, L2 — Copper Strap, 1” Length x 0.225 Width x 0.005” Thickness 
C2, C6 — 1 - 10 pF Johanson L3 — 0.33 wH Molded Choke 

C3, C4 — 27 pF Mini-Unelco L4 — 0.12 nH Molded Choke 

C8 — 250 pF Unelco L5 — 1.2 nH Molded Choke 

C9 — 0.047 uF Erie Disc Cap 10 V R1— 100, 1/4W 

C10 — 1.0 uF Electrolytic 


FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus FREQUENCY 
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FIGURE 4 — POWER OUT versus SUPPLY VOLTAGE FIGURE 5 — SERIES EQUIVALENT IMPEDANCE 
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FIGURE 6 — OUTPUT POWER versus FREQUENCY, 
BROADBAND CIRCUIT 
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FIGURE 7 — MRF630 BROADBAND CIRCUIT 


420-520 MHz +12.5 Vdc 


. T 
C1, C5 — 43 pF Mini-Unelco C7 — 220 pF Ceramic Chip RFC3 — 0.3 wH Molded Choke 
C2 — 10 pF Mini-Unelco C8 — 0.1 mF R1—120/1/4W 
C3 — 18 pF Mini-Unelco C9 — 1.0 mF Tantatum TL1 — Transmission Line 0.166” x 1.85” (WXL) 
C4 — 27 pF Mini-Unelco RFC1 — 0.47 wH Molded Choke TL2 — Transmission Line 0.166” x 1.77” (WXL) 


C6 — 6.8 pF Mini-Unelco RFC2 — 1.0 wH Molded Choke Board Material — 2 oz. 0.0625" TFG 


FIGURE 8 — BROADBAND CIRCUIT 
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CASE 317-01, STYLE 2 


MAXIMUM RATINGS 
Rating 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


THERMAL CHARACTERISTICS 


Symbol | Max | Unit _| 
Thermal Resistance, Junction to Ambient | Raya °C/W 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(Ic = 1.0 mAdc, Ip = 0) | 

Collector-Base Breakdown Voltage V(BR)CBO 25 Vdc 
(I¢ = 0.1 mAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 2.0 Vdc 
(IE = 0.1 mAdc, Ic = 0) . 

Collector Cutoff Current . ICBO nAdc 
(VcB = 15 Vdc, Ig = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 5.0 mAdc, Vce = 5.0 Vdc) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(i¢ = 15 mAdc, VcE = 10 Vdc, f = 1.0 GHz) 


Collector-Base Capacitance 


(VcB = 10 Vdc, IE = 0, f = 1.0 MHz) 


Noise Figure 
(I¢ = 5.0 mAdc, VcF = 6.0 Vdc, f = 1.0 GHz) 


FUNCTIONAL TEST (FIGURE 1) 


Common-Emitter Amplifier Power Gain 


(Vcc = 6.0 Vdc, I¢ =:5.0 mA, f = 1.0 GHz) 


Third Order Intercept 
(Ic = 5.0 mAdc, Vce = 6.0 Vdc, f = 0.9 GHz) 


SMALL-SIGNAL DEVICES. | MOTOROLA SEMICONDUCTORS 


7-211 


| _ MRF901 


FIGURE 1 ~— 1.0 GHz TEST CIRCUIT SCHEMATIC 


Vcc = 6.0 Vde 


RF Output 


RF input 
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FIGURE 2 — MAXIMUM UNILATERAL GAIN 
versus FREQUENCY 
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FIGURE 3 — CURRENT-GAIN — BANDWIDTH PRODUCT 
versus COLLECTOR CURRENT FIGURE 4— NOISE FIGURE versus FREQUENCY 
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FIGURE 5 — NOISE FIGURE versus COLLECTOR CURRENT 
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FIGURE 7 — Gmax versus FREQUENCY 
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FIGURE 6— OUTPUT POWER versus INPUT POWER 
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FIGURE 8 — COLLECTOR-BASE CAPACITANCE 
versus COLLECTOR-BASE VOLTAGE 
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i TABLE 11 = S94, 


FREQUENCY (Hal 700 [800d 1000 
Vec | Ic | ISat! Lo =| 1Saq! Lo | Saal zo | ISqil 
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TABLE IV — So9 


FREQUENCY (MHz) 
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CASE 20-03, STYLE 10 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 
Rating 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Storage Temperature 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Collector-Emitter Breakdown Voltage V(BR)CEO Vde . 

(Ic = 1.0 mAdc, Ig = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 25 Vde 
(I¢ = 0.1 mAdc, IE =' 0) . 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 0.1 mAdc, Ic = 0) 

Collector Cutoff Current ICBO nAdc 
(Vcp = 15 Vdc, Ie = 0) 


ON CHARACTERISTICS 


DC Current Gain hre 30 
(I¢ = 5.0 mAdc, Vcg = 5.0 Vdc) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 15 mAdc, Vce = 10 Vdc, f = 1.0 GHz) 


Collector-Base Capacitance 
(VcB = 10 Vdc, IE = 0, f = 1.0 MHz) 


Noise Figure 
(Ic = 5.0 mAdc, VcgE = 6.0 Vdc, f = 450 MHz) 
(Ic = 5.0 mAdc, VcE = 6.0 Vdc, f = 1.0 GHz) 


FUNCTIONAL TEST 
Maximum Available Power(1) 


OFF CHARACTERISTICS 


(Ic = 5.0 mAdc, VcE = 6.0 Vde, f = 450 MHz) 
(i¢ = 5.0 mAdc, Vcg = 6.0 Vdc, f = 1.0 GHz) 


a |So1|2 
(1) Gmax = —|S44/4) (1 —|S22/4) 
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FIGURE 1 — NOISE FIGURE versus FREQUENCY FIGURE 2 — NOISE FIGURE versus COLLECTOR CURRENT 
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TABLE 1 — S31 PARAMETERS 


— (MHz) 


| vst | aa [a 


Frequency (MHz) 


(Volts) 
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TABLE 3 — Sy2 PARAMETERS 


ee fe (MHz) 


an (MHz) 


[vom | mw [ea 
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CASE 26-03, STYLE 1 
TO-46 (TO-206AB) 


MAXIMUM RATINGS 
Rating 


Total Device Dissipation @ Tc = 100°C 


Derate above 100°C 


RF OSCILLATOR TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


[Characteristic | Symbol | Min | typ [| Max [Unit 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(I¢ = 10 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(I¢ = 0.1 mAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(ig = 0.1 mAdc, Ic = 0) 

Collector Cutoff Current : ICBO 
(VcB = 20 Vdc, Ig = 0) 

ON CHARACTERISTICS 


DC Current Gain hFE 
(I¢ = 100 mAdc, VcE = 10 Vdc) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 100 mAdc, Vcg. = 10 Vde, f = 200 MHz) 


Output Capacitance 
(VcB = 20 Vdc, IE = 0, f = 1.0 MHz) 


FUNCTIONAL TEST 


Common-Collector Oscillator Output Power (Figure 1) 


(VE = —20 Vdc, IE = 110 mAdc, f = 1.68 GHz) 
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FIGURE 1 — 1.68 GHz OSCILLATOR TEST CIRCUIT SCHEMATIC 


1.0 uF, 35 Vde TANTALUM 47 Ohms, 1/4 Watt 

0.1 wF Ceramic Disk 510 Ohms, 1/4 Watt 

680 pF Feedthru 1.5k2, 1/4 Watt 

0.4-6.0 pF JOHANSON 5 Turns, #22 AWG, 0.125” |.D. 
#20 AWG, 0.4” Length. 


SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 


7-221 


MRF911 


CASE 317-01, STYLE 2 MAXIMUM RATINGS 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


THERMAL CHARACTERISTICS 


| Characteristic =| “Symbol | = Max | Unit __ 
Thermal Resistance, Junction to Lead | Ret | 250 | cw 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot_| min | Typ | Max | Unit _| 


Collector-Emitter Breakdown Voltage | V(BR)CEO Vdc 
(I¢ = 1.0 mAdc, Ig = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(I¢ = 0.1 mAdc, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 0.1 mAdc, Ic = 0) 
Collector Cutoff Current ICBO nAdc 
(VcB = 15 Vdc, IE = 0) 


ON CHARACTERISTICS 


DC Current Gain hFE 
(ic = 30 mAdc, VcE = 10 Vdc) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 30 mAdc, VcE = 10 Vde, f = 1.0 GHz) 


Collector-Base Capacitance 
(Vcp = 10 Vde, IE = 0, f = 1.0 MHz) 


FUNCTIONAL TEST 


Noise Figure 
(I¢ = 5.0 mAdc, VcE = 10 Vde, f = 1.0 GHz) 
(i¢ = 5.0 mAdc, VcE = 10 Vdc, f = 2.0 GHz) 


Power Gain at Optimum Noise Figure 


OFF CHARACTERISTICS 


(I¢ = 5.0 mAdc, VcgE = 10 Vde, f = 1.0 GHz) 


(I¢ = 5.0 mAdc, Vcg = 10 Vde, f = 2.0 GHz) 
Maximum Available Power Gain(1) 
(I¢ = 30 mAdc, VcE = 10 Vdc, f = 1.0 GHz) 
(I¢ = 30 mAdc, VcE = 10 Vde, f = 2.0 GHz) 
S212 
(1) G = pases ete 
max “(1 —|S44]4) (1 —|S29/2) 
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FIGURE 1 — POWER DERATING 
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FIGURE 2 — POWER GAIN AND NOISE FIGURE FIGURE 3 — POWER GAIN AND NOISE FIGURE 
versus FREQUENCY versus COLLECTOR CURRENT 
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FIGURE 5 — Sop PARAMETERS 
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CASE 303-01, STYLE 1 


MAXIMUM RATINGS 


Total Device Dissipation @ Tc = 75°C 500 mW 
Derate above 75°C 4.0 mW/°C 


=65 to +200 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


THERMAL CHARACTERISTICS 


[Characteristic ———~«dt’Symbol | Max [Unit ‘| 
Thermal Resistance, Junction to Case ReJc 250 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


po Characteristic | Symbot | min | typ | Max | Unit _| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 12 Vdc 
(I¢ = 1.0 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vde 
(I¢ = 0.1 mAdc, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(l—E = 0.1 mAdc, Ic = 0) . 
Collector Cutoff Current ICBO nAdc 
(Vcp = 15 Vdc, IE = 0) 


ON CHARACTERISTICS 


DC Current Gain hre 
(I¢ = 30 mAdc, Vce = 10 Vdc) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 30 mAdc, VcE = 10 Vdc, f = 1.0 GHz) 


Collector-Base Capacitance 
(VcB = 10 Vdc, IE = 0, f = 1.0 MHz) 


FUNCTIONAL TEST 


Noise Figure 
(I¢ = 5.0 mAdc, Vcg = 10 Vde, f = 1.0 GHz) 
(i¢ = 5.0 mAdc, VcE = 10 Vdc, f = 2.0 GHz) 


Power Gain at Optimum Noise Figure 


(Ic = 5.0 mAdc, VcE = 10 Vde, f = 1.0 GHz) 
(Ic = 5.0 mAdc, Vcg = 10 Vde, f = 2.0 GHz) 


Maximum Available Power Gain(1) 
(I¢ = 30 mAdc, VcgE = 10 Vdc, f = 1.0 GHz) 
(I¢ = 30 mAdc, VcE = 10 Vdc, f = 2.0 GHz) 
S211? 
1)G =~ 17 —1S4al2) (1 —|So9l2) 
(1) Gmax = (= ]8442) (1 [S222 
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FIGURE 1 — POWER DERATING 
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FIGURE 5 — S92 PARAMETERS 
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CASE 20-03, STYLE 10 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 


J Rating | Symbol 

| Collector-Emitter Voltage | Vceo | 12 

| Collector-Base Voltage | Vcpo | 0 

|Emitter-BaseVoltage | Vepo | 30 |e 
| 4 


Collector Current — Peak 
Total Device Dissipation @ Ta = 75°C 

Derate above 75°C 

Storage Temperature 

THERMAL CHARACTERISTICS 


| Characteristic | Symbol | Mex | Unit 
Thermal Resistance, Junction to Ambient R@JA | 625 | ecw CO 


| HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Collector-Emitter Breakdown Voltage V(BR)CEO Vde 

(lc = 1.0 mAde, Ig = 0) . 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(I¢ = 0.1 mAdc, IE = 0) | 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 0.1 mAde, Ic = 0) 

Collector Cutoff Current . ICBO © nAdc 
(Vcgp = 15 Vde, IE = 0) 


ON CHARACTERISTICS 


DC Current Gain hee 
(I¢ = 20 mAdc, VcgE = 10 Vdc) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 20 mAdc, Vcg = 10 Vde, f = 0.5 GHz) 


Collector-Base Capacitance 

(Vcp = 10 Vde, IE = 0, f = 1.0 MHz) 
FUNCTIONAL TEST 
Noise Figure 


(Ic = 5.0 mAdc, VcE = 10 Vdc, f = 0.5 GHz) 
(Ic = 5.0 mAdc, Vce = 10 Vde, f = 1.0 GHz) 


Power Gain at Optimum Noise Figure 
(ic = 5.0 mAdc, VcgE = 10 Vdc, f = 0.5 GHz) 
(I¢ = 5.0 mAdc, VcgE = 10 Vde, f = 1.0 GHz) 


OFF CHARACTERISTICS 


Maximum Available Power Gain(1) 
(IC = 20 mAdc, VcE = 10 Vde, f = 0.5 GHz) 
(Ic = 20 mAdc, Voce = 10 Vdc, f = 1.0 GHz) 


Nena Sz 
max (1 =|S44/4) (1 -|S22l4) 


i 
5 
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FIGURE 1 — POWER DERATING 


Pp, POWER DISSIPATION (mW) 


Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 2 — POWER GAIN AND NOISE FIGURE FIGURE 3 — POWER GAIN AND NOISE FIGURE 
versus FREQUENCY versus COLLECTOR CURRENT 


Vce = 10 Vdc 
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Ic, COLLECTOR CURRENT (mA) 


FIGURE 4 — S434 PARAMETERS 
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FIGURE 5 — S92 PARAMETERS 
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CASE 317-01, STYLE 2 


MAXIMUM RATINGS 
Rating 


Total Device Dissipation @ Ta = 100°C 
Derate above 100°C 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


mw 
mW/°C 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Ambient R@JA Se ee 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


| Characteristic | Symbot_ | min | typ | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(I¢ = 0.1 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage . V(BR)CBO Vdc 
(I¢ = 0.01 mAdc, IE = 0) . 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 0.1 mAdc, Ic = 0) . 
Collector Cutoff Current ICBO nAdc 
(VcB = 5.0 Vde, IE = 0) 


ON CHARACTERISTICS 


DC Current Gain hFE 
(IC = 0.25 mAdc, VcE = 1.0 Vdc) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(IE = 1.0 mAdc, VcgE = 1.0 Vde, f = 1.0 GHz) 


Collector-Base Capacitance 
(VcB = 1.0 Vde, IE = 0, f = 1.0 MHz) 


FUNCTIONAL TEST 


Noise Figure 
(IE = 0.25 mAdc, VcgE = 1.0 Vdc, f = 0.5 GHz) 
(IE = 0.25 mAdc, VcgE = 1.0 Vdc, f = 1.0 GHz) 


Power Gain at Optimum Noise Figure 


(l—E = 0.25 mAdc, Vcg = 1.0 Vdc, f = 0.5 GHz) 
(le = 0.25 mAdc, VcE = 1.0 Vde, f = 1.0 GHz) 


Transducer Power Gain 
(IE = 0.5 mAdc, Vcg = 1.0 Vde, f = 0.5 GHz) 
(Ile = 0.5 mAdc, Vcg = 1.0 Vde, f = 1.0 GHz) 
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Pp, TOTAL DEVICE DISSIPATION (mW) 


FIGURE 2 — TRANSDUCER POWER GAIN AND NOISE 


FIGURE versus FREQUENCY 


7. TRANSDUCER POWER GAIN (dB) 


© 2.0 


f, FREQUENCY oe 


FIGURE 1 — POWER DERATING 


peaeninian 
ete 


i=] 


TELL Let 
ae 


Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 3 — TRANSDUCER POWER GAIN AND NOISE 


FIGURE versus EMITTER CURRENT 
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SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Se re iis maior nt 


Drain-Source | Drain-Source Voltage ssid 


Gate-Source Voltage — Reverse v0 — 0 — 0 
—8.0 —8.0 
Gate-Source Voltage — Forward VG1S + 1.0 + 1.0 
a ao 0 ae 0 
Drain |DrainCurrent = sd | mAdc 
@ Ta = 25°C 350 mW 
Derate above 25°C 3.5 mw/°C 
Junction Temperature Range —65 to ~65 to 
+125 +125 - 
Storage Channel Temperature Tstg — 65 to — 65 to °C 
Range +125 +125 


Handling and Packaging — MES devices are susceptible to damage from electrostatic 
charge. Reasonable precautions in handling and packaging MES devices should be 


Total Device Dissipation 


MRF966 
MRF967 


CASE 317-01, STYLE 1 


DUAL GATE 
GaAs FET 


N-CHANNEL 


CASE 358-01, STYLE 2 


DUAL GATE 
GaAs FET 
N-CHANNEL 


observed. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


[Symbol | wn] tp | Mm [ome 


cod ll dl ia Mi 
VG2S(off) Vdc 
(Vps = 5.0 Vde, Vg1s = 0) 
ON CHARACTERISTICS 


Zero-Gate-Voltage Drain mAdc 
(Vps = 5.0 Vdc, VG1s = VGa2s = 0) 
SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = 5.0 Vdc, Ve62s = 0, Ip = 10 mA, f = 1.0 kHz) 


Input Capacitance 
(Vps = 5.0 Vde, VG2s = 0, Ip = 10 mA, f = 1.0 MHz) 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
(VG1s = VG2s = —4.0 Vdc, Ip = 100 pA) 


Gate. 1 Leakage Current 
(VG1g = —5.0 Vde, VG2s5 = Vps = 0) 


Gate 2 Leakage Current 
(VG2s = —5.0 Vde, VGis = Vps = 9) 


Gate 1 to Source Cutoff Voltage 
(Vps = 5.0 Vdc, Vegas = 0) 


Gate 2 to Source Cutoff Voltage 


FUNCTIONAL CHARACTERISTICS 


Noise Figure . 
(Vps = 5.0 Vde, Vegas = 0(1), Ips = 10 mA, f = 1.0 GHz) 


Common Source Power Gain 
(Vps = 5.0 Vdc, Vegas = 0(1), MRF967 


Ips = 10 mA, f = 1.0 GHz) MRF966 


intermodulation Distortion 
(Vps = 5.0 Vdc, Ips = 10 mA, fy = 995 MHz, 
fg = 1001 MHz, VG2 = 0, Pin = —40 dBm) 
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~ ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 
Characteristic 


Linear Power Point(2) | 
(Vps = 5.0 Vdc, Ips = 10 mA, 


fy = 995 MHz, fo = 1001 MHz, VG2 = 0) 
Output Power at 1 dB Compression Point 
(Vps = 5.0 Vde, Ips = 10 mA, f = 1.0 GHz) 


(1) Data taken using a HP11608A 50 © test fixture, Microlab slug tuners, HP11590A bias networks and the HP8970A noise figure meter. 
Note: VG2s = 0. Refer to Figure 16. 
(2) The linear power point is the output power level at which either the signal 2f; + f2 or 2f9 + f1 are 30 dB below fj or fo. 


TYPICAL CHARACTERISTICS 
MRF966 


FIGURE 1 — DRAIN CURRENT versus FIGURE 2 — DRAIN CURRENT versus 
DRAIN-TO-SOURCE VOLTAGE GATE ONE-TO-SOURCE VOLTAGE 


Ip, DRAIN CURRENT (mA) 
Ip, DRAIN CURRENT (mA} 


3.0 =2.0 — 1.0 0 + 1.0 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) VG1s, GATE ONE-TO-SOURCE VOLTAGE (VOLTS) 


FIGURE 3 — COMMON SOURCE POWER GAIN FIGURE 4 — COMMON-SOURCE POWER GAIN 
AND NOISE FIGURE versus AND NOISE FIGURE versus 
DRAIN-TO-SOURCE VOLTAGE PERCENT-OF-DRAIN CURRENT 

20 2.0 5.0 
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MRF966 @ MRF967 


FIGURE 6 — COMMON SOURCE POWER GAiiN 
AND NOISE FIGURE versus GATE 
CONTROL SUPPLY VOLTAGE 


FIGURE 5 — COMMON SOURCE POWER GAIN 
AND NOISE FIGURE versus GATE 
ONE-TO-SOURCE VOLTAGE 
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FIGURE 7 — 


(@P) NIVD YaMOd ‘S45 


f, FREQUENCY (MHz) 


FIGURE 9 — MAXIMUM AVAILABLE GAIN AND STABILITY 
FACTOR versus FREQUENCY 


versus FREQUENCY 


FIGURE 8 — MAXIMUM AVAILABLE GAIN 
AND STABILITY FACTOR 
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FIGURE 11 — OUTPUT POWER versus 


FIGURE 10 — OUTPUT POWER versus 


. INPUT POWER @ 1.0 GHz 


INPUT POWER @ 500 MHz 


coANCE 
peep 


(WAP) YAMO LNALNO '%q 


INPUT POWER (dBm) 


Pin, 


INPUT POWER (dBm) 


Pin, 


TYPICAL CHARACTERISTICS 


FIGURE 13 — THIRD ORDER INTERMODULATION 
DISTORTION @ 500 MHz 


MRF967 


THIRD ORDER INTERMODULATION 


DISTORTION @ 500 MHz 


FIGURE 12 — 
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INPUT POWER PER TONE (dBm) 
FIGURE 15 — THIRD ORDER INTERMODULATION 


INPUT POWER PER TONE (dBm) 
FIGURE 14 — THIRD ORDER INTERMODULATION 


DISTORTION @ 1.0 GHz 


DISTORTION @ 1.0 GHz 
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MRF966 
FIGURE 17 — CONSTANT GAIN AND NOISE FIGURE +j50 
CONTOURS AT Vpg = 5.0 V, Ips = 10 mA, f = 500 MHz 
(MATCHED OUTPUT) 


+j25 


+410 +4250 
+j500 
0 
-}500 
-j10 j250 
-j50 
+j50 
FIGURE 18 — CONSTANT GAIN AND NOISE FIGURE 
CONTOURS AT Vps = 5.0 V, Ipg = 10 mA, f = 1.0 GHz 
(MATCHED OUTPUT) 
+j10 +j250 
N4 +j500 
0 
-j500 
-j10 j250 
f(MHz) NFopt(dB) TMS NFopt FMLNFopt Rn(2) = r,s NFgg9(dB) "750 
| 1000 | 12 | oar | ove | 63 | 126] 35 
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Vps 
(Volts) 


MRF966 COMMON-SOURCE S-PARAMETERS 
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MRF967 


FIGURE 19 — CONSTANT GAIN AND NOISE FIGURE +j50 
CONTOURS AT Vpg = 5.0 V, Ips = 10 mA, f = 500 MHz 
(MATCHED OUTPUT) 
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FIGURE 20 — CONSTANT GAIN AND NOISE FIGURE 
CONTOURS AT Vps = 5.0 V, Ips = 10 mA, f = 1.0 GHz 
(MATCHED OUTPUT) 
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PRE aden. 


MRF8003 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


RF AMPLIFIER TRANSISTOR 


NPN SILICON 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Storage Temperature 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


| Characteristic | Symbot_ | min | typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(Ic = 10 mAdc, Ig = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES Vde 
(I¢ = 0.1 mAdc, VBE = 0) 

| Emitter-Base Breakdown Voltage V(BR)EBO Vdc 

(le = 0.5 mAdc, Ic = 0) 

Collector Cutoff Current ICBO mAdc 
(VcB = 12 Vdc, IE = 0) 


ON CHARACTERISTICS 


DC Current Gain hee 
(I¢ = 100 mAdc, Vcg = 10 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 
Output Capacitance 


(Vcp = 12.5 Vde, Ie = 0, f = 1.0 MHz) 
FUNCTIONAL TEST (FIGURE 1) 


Common-Emitter Amplifier Power Gain GpE 
(Vcc = 12.5 Vde, Pout = 0.5 W, f = 27 MHz) 
Collector Efficiency n % 
(Vcc = 12.5 Vde, Pout = 0.5 W, f = 27 MHz) 
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FIGURE 1 — 27 MHz TEST CIRCUIT SCHEMATIC 


12.5 Vde 


SS as 


C1,C2,C3,C4 9.0-180 pF ARCO 463 or equivalent 
25 pF UNDERWOOD 
100 pF UNDERWOOD 
1000 pF UNDERWOOD 
10 uF ELECTROLYTIC 
0.47 2H Molded Coil 
VK 200-20/4B8 RFC 
16 Turns No. 26 Wire Closewound on R1 
390 2,2W 
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CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


ee ee 
[coletor Bese Votage ——~—~S~*dCcg. | 

[Emiter-Bese Votage ~~ Veg | 8 
[caletor Current— Continuous | ig | 10 | Ade 


Total Device Dissipation 
@ Tc = 25°C(1) 
Derate above 25°C ; mW/°C 


Storage Temperature 


(1) This device is designed for RF operation. The total device dissipation rating 
applies only when the device is operated as an RF amplifier. 


RF AMPLIFIER TRANSISTOR 


NPN SILICON 


Tstq 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(I¢ = 50 mAdc, Ig = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES Vde 
(I¢ = 200 mAdc, Vee = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 1.0 mAdc, Ic = 0) 
Collector Cutoff Current ICBO mAdc 

(VcB = 15 Vdc, Ie = 0) 


ON CHARACTERISTICS 


OFF CHARACTERISTICS 


DC Current Gain hFE 10 
(I¢ = 400 mAdc, VcE = 2.0 Vdc) 


SMALL SIGNAL CHARACTERISTICS 


Output Capacitance Cobo 70 
(VcpB = 12.5 Vde, IE = 0, f = 1.0 MHz) 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain 


GPE 
(Pout = 3-5 W, Vcc = 12.5 Vde, f = 27 MHz) poe ee 
Collector Efficiency(2) (See Figure 1) n 70 % 
(Pout = 3.5 W, Vcc = 12.5 Vde, f = 27 MHz) 
Percentage Up-Modulation(1) (See Figure 1) % 
(f = 27 MHz) 
Parallel Equivalent Input Resistance Ohms 
(Pout = 3-5 W, Vcc = 12.5 Vde, f = 27 MHz) 
Parallel Equivalent Input Capacitance Cin pF 
(Pout = 3-5 W, Vcc = 12.5 Vde, f = 27 MHz) 
Parallel Equivalent Output Capacitance Cout 200 pF 
(Pout = 3.5 W, Vcc = 12.5 Vde, f = 27 MHz) 
(1) Percentage Up-Modulation is measured in the test circuit (Figure 1) by setting the Carrier Power (P,) to 3.5 Watts with Vcc = 12.5 Vde 
and noting the power input. Then the Peak Envelope Power (PEP) is noted after doubling the original power input to simulate driver 


modulation (at a 25% duty cycle for thermal considerations) and raising the Vcc to 25 Vdc (to simulate the modulating voltage). 
Percentage Up-Modulation is then determined by the relation: 


(See Figure 1) 


PEP\ ” 
Percentage Up-Modulation = fe -1| * 100 


— Re Pout , 
(2) 7 ec they” 10° 
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FIGURE 1 — 27 MHz TEST CIRCUIT 


Vcc 
12.5 Vde 


Cl 


9.0-180 pF ARCO 463 or Equivalent 26 Turns #22 Enameled Wire (2 Layers — 
5.0-80 pF ARCO 462 or Equivalent 13 Turns Each Layer) %’’ Inner Diameter 
0.02 uF Ceramic Disc 0.22 wH Molded Choke 


0.1 uF Ceramic Disc 0.68 wH Molded Choke 
4 Turns #30 Enameled Wire Wound on 
Ferroxcube Bead Type 56-590-65/3B 


(1) This device is designed for RF operation. The total device dissipation rating 
applies only when the device is operated as an RF amplifier. 


FIGURE 2 — CIRCUIT TUNED AT 25 V, 25% DUTY CYCLE, P : _ 
Pout = 15 W PEAK IGURE 3 — CIRCUIT TUNED AT 12.5 V,Pou¢ = 4 W 


+e wet TT 
2 7a aes 
7.7 anne 
z ee? ee a 
: aa ae (ioe ae 

"9 0.2 0.4 0.6 0.8 1.0 , 0 0.3 0.6 0.9 1.2 1.5 

Pin, INPUT POWER (WATTS) Pin, INPUT POWER (WATTS) 
| MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


7-244 


ota co at Silber Steeda ani me ee ene te 


Bee tee 


MWA110 
MWA120 
MWA130 


MAXIMUM RATINGS | CASE 31A-01, STYLE 2 


RF Input Power 100 


mw 

[De Supply Curent ———*«| ip | 28 | 85 | 100 | ma | 
125 
=65 to +200 

OPERATING CONDITIONS GENERAL PURPOSE HYBRID 
|Device Voltage | (Vp | 29 | 50 | 55 | Vdc | AMPLIFIERS 
Device Current ——~—S*dYSt | 10 | 25 | 60 | made 
| Decoupling Impedance | Zp | 1000 | 1000 | 330 | 9 | 


ELECTRICAL CHARACTERISTICS (Tc = —25 to +125°C, 50 2 system and specified operating conditions.) 


Characteristic | Symbol _ | 
Frequency Range 


Input VSWR 
MWA110/120 
MWA130 


Output VSWR MWA110/120/130 
Output @ 1.0 dB Gain Compression 


MWA110 
MWA120 
MWA130 


Noise Figure 
MWA110 
MWA120 
MWA130 
Reverse Isolation 
MWA110 
MWA120 
MWA(130 


Harmonic Output 


MWA110 (Pout = —9.0 dBm) 
MWA120 (Poyt = 0 dBm) 
MWA130 (Pout = +10 dBm) 
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FIGURE 1 — DEVICE VOLTAGE versus DEVICE CURRENT 


10 
EASA eee ee 


Vp. DEVICE VOLTAGE (Vde) 


0 20 40 60 80 100 120 140 
Ip, DEVICE CURRENT (mAdc) 


FIGURE 2 — DEVICE CURRENT versus CASE TEMPERATURE FIGURE 3 — POWER GAIN versus FREQUENCY 
62 


ip. DEVICE CURRENT (mAdc) 

o 
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Tc, CASE TEMPERATURE (°C) f, FREQUENCY (MHz) 


FIGURE 4 — POWER GAIN versus DEVICE CURRENT 
f = 400 MHz 


Gp, POWER GAIN (dB) 
= 


0 60 80 100 120 140 
Ip, DEVICE CURRENT (mAdc) 
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MWA110 @ MWA120 © MWA130 


FIGURE 6 — POWER oS versus CASE TEMPERATURE 
= 400 MHz 


100 MHz 


f 


FIGURE 5 — POWER GAIN versus CASE TEMPERATURE 
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— VSWR versus FREQUENCY 
MWA 120 


FIGURE 8 


FIGURE 7 — VSWR versus FREQUENCY 
MWA110 
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f, FREQUENCY (MHz) 


f, FREQUENCY (MHz) 


— VSWR versus FREQUENCY 
MWA130 


FIGURE 9 


aoe PA 


- - - - - -~ 
wo in LJ foe] ~N ~ 


OILVY JAVM ONIGNVLS JDVLIOA ‘YMSA 


f, FREQUENCY (MHz) 


MOTOROLA SEMICONDUCTORS 


SMALL-SIGNAL DEVICES 


7-247 


~MWA110 e MWA120 e MWA130 


FIGURE 10 — INPUT AND OUTPUT IMPEDANCE — FIGURE 11 — INPUT AND OUTPUT IMPEDANCE 
versus FREQUENCY versus FREQUENCY 
MWA110 MWA120 


Coordinates in Ohms Coordinates in Ohms 


FIGURE 12 — INPUT AND OUTPUT IMPEDANCE 
| versus FREQUENCY 
| MWA130 FIGURE 13 — 1.0 dB GAIN COMPRESSION versus FREQUENCY 


1.0 dB GAIN COMPRESSION (dBm) 


0 200 400 600 800 1000 1200 1400 
f, FREQUENCY (MHz) 


Coordinates in Ohms 
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FIGURE 15 — 1.0 dB GAIN COMPRESSION 


FIGURE 14 — 1.0 dB GAIN COMPRESSION 


versus CASE TEMPERATURE 
f = 400 MHz 


versus DEVICE CURRENT 
f = 400 MHz 
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FIGURE 17 — REVERSE ISOLATION versus FREQUENCY 


FIGURE 16 — NOISE FIGURE versus FREQUENCY 
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FIGURE 18 — SECOND HARMONIC OUTPUT versus FREQUENCY 


(Wap) Y3MOd LNdLNo "Pg 


= 0 dBm) 


‘A110 (0 dBc = -9.0 dBm) 


MWA130 (0 dBc = +10 dBm) 
A120 (0 dBc 


V5. 
CCC 


TTA TL, 
LTE TAT TY 
HE 


' 
(98P) LNdLNO JINOWYVH Puz ‘Sp 


1000 


P.. INPUT POWER (dBm) 


f, Pera aif 


MOTOROLA SEMICONDUCTORS 


SMALL-SIGNAL DEVICES 


7-249 


PSE tote 3 Sastre RPO oii? Se eh al bh EE Fe ee 2 Agent 


MWA110 © MWA120 e MWA130 


FIGURE 20 — SECOND AND THIRD ORDER INTERCEPT 
MWA120 


i an a a 
+40 
(es ae a 
ce el a 
ec 
Fe (ee Pe” 
7 oe ee 
gE sore 
aeae eee 
a a a Es 
wl | EE tor ena [| 
lS ha WW a 


-60 -40 +20 +40 
Pin or POWER ae 
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FIGURE 24 — INTERMODULATION DISTORTION 
versus POWER OUTPUT 
MWA130 
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versus POWER OUTPUT 
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FIGURE 25 — GROUP DELAY versus FREQUENCY 
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MWA SERIES HYBRID AMPLIFIER APPLICATIONS INFORMATION 


The MWA series hybrid amplifiers are designed for 
wideband general purpose applications in 50 {2 systems. 
Fully cascadable for any gain combination, operable at 
voltages as low as 3 Vdc, and external control of the 
low frequency corner make the MWA amplifiers extremely 
versatile gain blocks. 


Basic Circuit Configuration 

Figure 26 shows the basic internal circuit. It is impor- 
tant to note that the specified operating conditions of 
voltage, current, and external decoupling impedance 
must be applied to the units in order to achieve the 
published electrical characteristics. 


FIGURE 26 — INTERNAL CIRCUIT 


DC Supply 
and 
RF Output 


3 
~ Ground 


Amplifier Application 

The circuit schematic for a simple amplifier design 
is shown in Figure 27. External to the MWA hybrid 
amplifier the only components required are: 


Decoupling elements — Bypass Capacitor 
Decoupling Impedance 
(resistor/inductor) 

DC Blocking Capacitors at the RF input and output. 


External Decoupling Impedance 

In all cases the external bias (decoupling elements) 
must present an impedance which is large compared to 
the 50 §2 load impedance to minimize RF gain reduction. 
The loss in gain due to the decoupling impedance is given 


by the equation: 
ZD 
Loss = 20 Log ————— dB 
Zp + 25 


where Zp = decoupling impedance in ohms. For example, 
if Zp = 1 kQ, Loss = 0.214 dB. 


FIGURE 27 — AMPLIFIER SCHEMATIC DIAGRAM 


+Vcoc 9 


el Decoupling 


50 £2 Impedance (Zp) 

Source 50 02 

) (——-o Load 
Cpigck CBlock 


Supply Voltage 

The value of the external decoupling resistive imped- 
ance (Rp) determines the supply voltage (+Vcc) and is 
determined by the following equation: 


Vec= Rp x Ip + Vp 
where |p and Vp are the device current and voltage stated 
in the data sheet. For example, for MWA110, 


Ip =10mA 

Vp =2.9V 
and, if Rp = 33022, then 

Vec = 62V 


More commonly Vcc is predetermined and Rp may be 
calculated from: 
_ Vcc - VD 
ID | 
If an RF choke is used for decoupling, then the supply 
voltage (VCC) required is equal to the device voltage 
(Vp). 


Low Frequency Response 

The value of the blocking capacitors determines the 
low frequency response of the amplifier. The following 
expression is used to determine the blocking capacitor 
value to yield a desired 3 dB low frequency corner 


(fLFC). 


1 
CBlock(Farads) = ————______ 
100 7 f) FC(Hz) 
Bypass Capacitor 

The reactive impedance of the bypass capacitor should 
be small compared to the impedance of the decoupling 
element at the lowest frequency of operation. 
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FIGURE 28 — TEST FIXTURE 


Grounding Screws 


Circuit Board 
Mounted on 
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Blocking Capacitor 


(Ceramic Chip) 


50 02 Bulkhead 
Connector 


Bias/Decoupling 
/ Impedance 
Bypass Capacitor 


+V Supply 
(Ceramic Chip) ee 


Note: The circuitry indicated is on the underside of the printed circuit board with sockets for the 
amplifier pins. The case of the amplifier should contact the printed circuit board top surface to 
ensure effective RF grounding. 


Text Fixture 


The 50 £2 input/output impedance levels of the MWA HicMEOTRIC ite 


hybrids are most easily preserved on a circuit board by MATERIAL | DIELECTRIC THICKNESS WIDTH 
using 50 §2 microstrip transmission lines. Figure 28 is CONSTANT INCHES INCHES 
an example of a circuit board layout which utilizes Teflon. 0.03125 


; : fa ; ; . t : Fiberglass 0.0625 
microstrip transmission lines in conjunction with other 


sound RF construction techniques. 
The characteristic impedance and corresponding line 
width of the microstrip are a function of the circuit board 


Fiberglass- 0.0625 
Epoxy 


dielectric constant and thickness. The table lists appro- As in all good RF circuit designs, care should be 
priate line widths for 50 £2 microstrip lines on commonly taken to minimize parasitic lead inductances and to 
used circuit board materials. provide adequate grounding. 


FIGURE 29 — TYPICAL CASCADE 


Ail Capacitors (C) are 0 018 uF Chip Capacitors 


p Cascade 1 | Cascade? 


Cascading Frequency Range | 0.25 to 400 MHz | 0.25 to 1000 MHz 
The inherent stability of the MWA hybrid modules Gain —  43.5dB | 20.5 dB 

makes possible the cascading of two or more units with Gain Fisciess *1.0 d6 *0.75 dB 

no oscillatory problems. Figure 29 shows a typical 3 hybrid MBean een aan t 


SWR 2: a 
cascade with measured data fo: 400 MHz and 1000 MHz eourpene 1.2: 2.1:1 
hybrids Vcc Supply 12 Vde 33 Vdc 


| Supply 44 mAdc 150 mAdc 
MWA #1 MWA110 MWA320 
MWA #2 MWA110 MWA330 
MWA #3 MWA120 MWA330 
R1 1000 22 1000 2 
R2 1000 2 500 22 
R3 300 2 500 2 
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MAXIMUM RATINGS CASE 31A-01, STYLE 2 


tes i 


RF | REInputPower si Power 


a ee ee ee 
[Maximum Cese Temperature | To | ws —SSid|C 
[storage Temperature Range | Tety | 68 to +20 | c_| 
OPERATING CONDITIONS 

[Device Vote ——SSS*d'C ve | se | ae | vee 
[bevice current ———*dt tp | 0 | 28 | eo | mace | 
[Decoupling impedence | zp | 1000 | toe | so | a | 


GENERAL PURPOSE HYBRID 
AMPLIFIERS 


ELECTRICAL CHARACTERISTICS Te = —25 to + 100°C, 50 9 system and specified operating conditions.) 


P haracteristic | Symbot | Min | typ | Max | Unit_| 
[FrequencyRange wT tt | 600 |e 
[PowerGain mT 8 | to | = 
eee ete Bee en ae ee 


Input VSWR 


MWA210/220 
MWA230 


Output VSWR MWA210/220/230 
Output @ 1.0 dB Gain Compression 


MWA210 
MWA220 
MWA230 


Noise Figure 
MWA210 
MWA220 
MWA230 


Reverse Isolation 
MWA210 
MWA220 
MWA230 


Harmonic Output 


MWA210 (Pout = —9.0 dBm) 
MWA220 (Pout = 0 dBm) 
MWA230 (Pout = +10 dBm) 
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FIGURE 1 — DEVICE VOLTAGE versus DEVICE CURRENT 
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FIGURE 10 — INPUT AND OUTPUT IMPEDANCE versus FIGURE 11 — INPUT AND OUTPUT IMPEDANCE 
FREQUENCY MWA210 versus FREQUENCY MWA220 
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FIGURE 16 — NOISE FIGURE versus FREQUENCY 
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Maximum Case Temperature _—__@__| 

Storage Temperature Range —65 to +200 

OPERATING CONDITIONS GENERAL PURPOSE HYBRID 
AMPLIFIERS 

Device Voltage 

Decoupling Impedance 


ELECTRICAL CHARACTERISTICS (Tc = -—25 to +80°C, 50 1 system and specified operating conditions.) 


Characteristic 


Frequency Range ew | ot | 


Power Gain 
MWA310/320 8.0 
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Noise Figure 
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FIGURE 1 — DEVICE VOLTAGE versus DEVICE CURRENT 
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FIGURE 18 — 1.0 dB GAIN COMPRESSION 
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FIGURE 21 — SECOND HARMONIC OUTPUT versus FREQUENCY 


(WP) Y3MOd LNdLNO 


(98P) LNdLNO JINOWYVH PUuZ "Pp 


4nd 


d 


o 
ao 
.) 
2 
oe 
a 
] 
< 
= 
= 


os 


P.,. INPUT POWER (dBm) 


f, FREQUENCY (MHz) 


MOTOROLA SEMICONDUCTORS 


SMALL-SIGNAL DEVICES 


7-263 


MWA310 @¢ MWA320 e MWA330 


FIGURE 23 — SECOND AND THIRD ORDER INTERCEPT FIGURE 24 — SECOND AND THIRD ORDER INTERCEPT 
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MWA SERIES HYBRID AMPLIFIER APPLICATIONS INFORMATION 


The MWA series hybrid amplifiers are designed for 
wideband general purpose applications in 50 QQ systems. 
Fully cascadable for any gain combination, operable at 
voltages as low as 3 Vdc, and external control of the 
low frequency corner make the MWA amplifiers extremely 
versatile gain blocks. 


Basic Circuit Configuration 

Figure 29 shows the basic internal circuit. It is impor- 
tant to note that the specified operating conditions of 
voltage, current, and external decoupling impedance 
must be applied to the units in order to achieve the 
published electrical characteristics. 


FIGURE 29 — INTERNAL CIRCUIT 


DC Supply 
2 and 
RF Output 


RF Input 


—- 3 
~ Ground 


Amplifier Application 

The circuit schematic for a simple amplifier design 
is shown in Figure 30. External to the MWA hybrid 
amplifier the only components required are: 


Decoupling elements — Bypass Capacitor 
Decoupling Impedance 
(resistor/inductor) 

DC Blocking Capacitors at the RF input and output. 


External Decoupling Impedance 

In all cases the external bias (decoupling elements) 
must present an impedance which is large compared to 
the 50 22 load impedance to minimize RF gain reduction. 
The loss in gain due to the decoupling impedance !s given 


by the equation: 
ZD 
Loss = 20 Log ————— dB 
Zp + 25 


where Zp = decoupling impedance in ohms. For example, 
if Zp = 1 kQ, Loss = 0.214 dB. 
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FIGURE 30 — AMPLIFIER SCHEMATIC DIAGRAM 
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Supply Voltage 

The value of the external decoupling resistive imped- 
ance (Rp) determines the supply voltage (+Vcc) and is 
determined by the following equation: 


Vcc = Rp x Ip + Vp 
where Ip and Vp are the device current and voltage stated 
in the data sheet. For example, for MWA110, 


Ip =10mA - 

Vp =2.9V 
and, if Rp = 33022, then 

Vcc =6.2V 


More commonly VCc is predetermined and Rp may be 
calculated from: 
Vcc - VD 

ID 
If an RF choke is used for decoupling, then the supply 
voltage (Vcc) required is equal to the device voltage 
(Vp). 


Low Frequency Response 

The value of the blocking capacitors determines the 
low frequency response of the amplifier. The following 
expression is used to determine the blocking capacitor 
value to yield a desired 3 dB low frequency corner 


(fLFC). 


1 
CBlock(Farads) = ——————_—____ 
% 100 7 fLEC(Hz) 
Bypass Capacitor 
The reactive impedance of the bypass capacitor should 
be small compared to the impedance of the decoupling 
element at the lowest frequency of operation. 
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FIGURE 31 — TEST FIXTURE 
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(Ceramic Chip) 


+Vcc Supply 


Note: The circuitry indicated is on the underside of the printed circuit board with sockets for the 
amplifier pins. The case of the amplifier should contact the printed circuit board top surface to 
ensure effective RF grounding. 

Text Fixture 

The 50 2 input/output impedance levels of the MWA 
hybrids are most easily preserved on a circuit board by 
using 50 §2 microstrip transmission lines. Figure 31 is 


DIELECTRIC LINE 
THICKNESS WIDTH 
INCHES INCHES 


MATERIAL | DIELECTRIC 
CONSTANT 


an example of a circuit board layout which utilizes Teflon- 


microstrip transmission lines in conjunction with other 
sound RF construction techniques. 


Fiberglass 


Fiberglass- 
Epoxy 


0.03125 
0.0625 


0.0625 


The characteristic impedance and corresponding line 
width of the microstrip are a function of the circuit board 
dielectric constant and thickness. The table lists appro- 
priate line widths for 50 92 microstrip lines on commonly 
used Circuit board materials. 


As in all good RF circuit designs, care should be 
taken to minimize parasitic lead inductances and to 
provide adequate grounding. 


FIGURE 32 — TYPICAL CASCADE 


All Capacitors (C) are 0.018 uF Chip Capacitors 


pasate | Cascade 2 


Cascading Frequency Range | 0.25 to 400 MHz | 0.25 to 1000 MHz 
The inherent stability of the MWA hybrid modules Gain 43.5 dB 20.5 dB 

makes possible the cascading of two or more units with 1.008: *0.75 dB 

no oscillatory problems. Figure 32 shows a typical 3 hybrid Pee Nowe oe 2a 


cascade with measured data for 400 MHz and 1000 MHz eaapasecieale ue) | oe 
hybrids pia te. 


44 mAdc 150 mAdc 
MWA110 MWA320 
MWA110 MWA330 
MWA120 MWA330 


Gain Flatness 


Vcc Supply 


| Supply 
MWA #1 
MWA #2 
MWA #3 
R1 1000 2 1000 2 
R2 1000 22 500 2 
R3 300 2 500 2 
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The following pages contain information on the various pack- 
ages referenced on the individual data sheets. Information in- 
cludes: a picture of the package, dimensions in both millimeters 
and inches, the various pinout configurations (styles), a cross 
reference for Case numbers, “old” JEDEC “TO” numbers, and 
the new JEDEC “TO” designation. 

Additionally, abstracts of available application notes are pro- 
vided. Please contact your local sales representative for those 
desired. 
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Package Outline 
Dimensions 
and Application Information 


Package Outline Dimensions 


Dimensions are in inches unless otherwise noted. 


CASE 20-03 TO-72 (TO-206AF) CASE 20 STYLES 


° 
jlo o 3 
° 
STYLE 1 
STYLES STYLE 9 
PIN1. SOURCE PINT. SOURCE PIN 1. DRAIN 
2. ORAIN . ‘2. GATE 1 2. GATE2 
3. GATE 3. DRAIN. 3. GATE1 
seies SUBSTRATE 
AND CASE 
PIN). SOURCE ae 
MILLIMETERS] INCHES | 2 GATE N1. DRAIN ; 
| MIN | MAX | MIN | , 2. SOURCE AND STYLE 10 
3. DRAIN SUBSTRATE PINT. EMITTER 
| CASE LEAD 4. SOURCE AND 3. COLLECTOR 
5 4. 
SiYLE3 SUBSTRATE CASE 
PIN). DRAIN STYLE 7 
: . PINT. DRAIN STYLE 11 
2. SOURCE 2° SOURCE 
3. GATE : PIN 1. EMITTER 
3. GATE 
4. CASE LEAD 4. CASE AND 2. CATHODE 
3} -071 {1.22} 0.028 | 0.048 | SUBSTRATE 3. COLLECTOR 
KK [1270 | - | 0500) - | STYLE 4 4. ANODE 
tae re PIN . aad anes aueiens NOTE: 
MS 127 BS a050 BSC 3 DRAIN 2 BASE 1. ALL RULES AND 
rp | - [| 127 | — | 0050 | 4. GATE2- 3. COLLECTOR NOTES WITH 
SUBSTRATE AND 4. EMITTER 1 TO-72 OUTLINE 
ALL JEDEC dimensions and notes apply CASE BASE 2 SHALL APPLY 
CASE 22 STYLES 2 
] 3 
STYLE 1: STYLE 7: 
PIN 1. EMITTER PIN 1. ANODE 
rae 2. BASE 2. BASE 
c 3. COLLECTOR 3. CATHODE 
: STYLE 2: STYLE 8: 
ie PIN 1. SOURCE,SUBSTRATE PIN 1. GATE 
= AND CASE 2. ANODE 1 
2. GATE 3. ANODE 2 
MILLIMETERS] INCHES | 3. ORAIN STYLE 9: 
| MIN | MAX | MIN | MAX | ot Sanne PIN 1. ANODE 2 
Or ae | a 531 {5.04 | 0.209 _| 0.230 2. DRAIN ; eee 
YB 1 452 [495 {0.178 | 0.195 | 3. GATE (CONNECTED TO 
YC 14.32 (5.33 [0.170 [0.210 | CASE) 
| TD | 0.406 [0.533 [0.016 (0.621 | STYLE 4: 
Ee | - [0.762 | — | 0.030_| PIN 1. SOURCE STYLE 10: 
YF | 0.406 [0.483 | 0.016 (0.013 | 2. DRAIN PIN 1. BASE 
Cs 0.100 § 3. GATE &CASE 2. EMITTER 
YH {0.914 11.17 {0.036 | 0.046 | STYLE 5: 3. BASE 
Py LO Nie2 oe | 0.048 PIN 1. EMITTER STYLE 11: 
2. BASE 1 PIN 1. DRAIN 
3. BASE 2 2. GATE 
STYLE 6: 3. SOURCE, SUBSTRATE 
PIN 1. CATHODE STYLE 12: 
2. GATE Bin. 1. RCE 
3. ANODE Mm 5 ae 
All JEDEC notes and dimensions apply. 3. DRAIN (CASE) 
CASE 26-03 TO-46 (TO-206AB) CASE 27-02 TO-52 (TO-206AC) 
STYLE 1: STYLE 3: 
PIN 1, EMITTER PIN 1, EMITTER 
2, BASE 2. BA 
3. COLLECTOR 3. BASE 2 
| STYLE 2: STYLE 4: 
PIN 1. DRAIN PIN 1. SOURCE 
2. SOURCE 2. DRAIN 
3. GATE & CASE 3. GATE & CASE 


SEATING 
PLANE 


MILLIMETERS] INCHES | 
_ MIN, | | MAX | 


CIN AL EMITTER 
2. BASE AN 
3. COLLECTOR ret - [ia] - | 0060] 
All JEDEC dimensions and notes apply All JEDEC dimensions and notes apply 
MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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PACKAGE OUTLINE DIMENSIONS (continued) | 


CASE 29-02 TO-92 (TO-226AA) 


CASE 29-03 TO-226AE 


Pp A 
NOTES: 
1. DIMENSIONS -A- AND -8- ARE DATUMS. 
SEATING ra 2. -T- ISSEATING PLANE. 
aaa T 3, POSITIONAL TOLERANCE FOR LEADS: 


All JEDEC dimensions and notes apply. 


[MILLIMETERS] INCHES | 
| MIN | MAX | 


-$-[ B 0.10 (0.004)@| T]A @/B 


4. DIMENSIONING AND TOLERANCING 
PER ANSI Y14.5, 1973. 


STYLE 1: STYLE 9: 
PIN 1. EMITTER PIN 1. BASE 1 STYLE 16: STYLE 24: 
ae 2 EMITTER PIN. ANODE yee eauaiior : 
2, GATE 
3, COLLECTOR 3, BASE 2 Ee ance 3 CATHODE 
STYLE 2: STYLE 10: 
PIN 1. BASE PIN 1. CATHODE STYLE 17: STYLE 25: 
2. EMITTER 2. GATE PIN 1, COLLECTOR 1 wr 
3. ANODE 2. BASE 
3. COLLECTOR S enInTeh 3 MT2 
STYLE 3: STYLE 11: 
RIN 1. ANODE PIN 1. ANODE STYLE 18: STYLE 26: 
2. ANODE 2. CATHODE & ANODE PIN ¥ Sante PIN : Meo wo ' 
H A J SEATING 
3. CATHODE 3. CATHODE © ie ROUNRETED Sauron ni 
STYLE 4: STYLE 12: 
PIN 1. CATHODE PIN 1. MAINTERMINAL1 STYLE 19: STYLE 27: D MILLIMETERS| INCHES | 
2. CATHODE 2. GATE PIN 1. GATE PIN 1. MT | MIN | 
3. ANODE 3. MAIN TERMINAL 2 2. ANODE 2. SUBSTRATE 
3. CATHODE 3. MT G 
STYLE 5: STYLE 13: STYLE 1: 
PIN 1. DRAIN PIN 1. ANODE 1 STYLE 20: STYLE 28: 
2. SOURCE 2. GATE PIN 1, NOT CONNECTED PIN 1. CATHODE PIN 1. EMITTER 
3, GATE 3, CATHODE 2 2. CATHODE 2. ANODE 2. BASE 
3. ANODE 3. GATE 3. COLLECTOR 
YLE 6: eas 
Se bare STYLE 21: STYLE 29: STYLE 2: 
: PIN 1. COLLECTOR PIN 1. NOT CONNECTED : 
. SOURCE & SUBSTRATE 
: BRAIN oo 2. EMITTER 2. ANODE PIN 1. CATHODE 
STYLE 14: 3. BASE 123 3. CATHODE 2. GATE 
STYLE 7: PIN 1. EMITTER 3. ANODE 
PIN 1, SOURCE 2. COLLECTOR STYLE 22: STYLE 30: 
a aRhIn 3. BASE PIN 1. SOURCE PIN 1. DRAIN 
3 GATE 2. GATE 2. GATE STYLE 3: 
STYLE 15: 3. DRAIN 3. SOURCE PIN 1. GATE 
PIN 1. ANODE 1 
STYLE 8: STYLE 23: 2. CATHODE 
PIN 1. DRAIN 2. CATHODE PIN 1. GATE 3 
2. GATE 3. ANODE 2 2. SOURCE NORE 
3, SOURCE & SUBSTRATE 3. DRAIN 
CASE 31A-01 CASE 79-02 TO-39 (TO-205AD) 
"| 
STYLE 1: STYLE 2: 
PIN 1. EMITTER PIN 1. INPUT te 
2. BASE 2. OUTPUT MF MILLIMETERS |. INCHES | 
3. COLLECTOR 3. GROUND | ; MIN [MAX | MIN | MAX | 
SEATING SEATING tsb | A { 8.89 [9.40 | 0.350 | 0.370 
MILLIMETERS] (NCHES | PLANE +a 335 1 


NOTE: 


5° BSC 
0.100 BSC 


id 
o 
Se 
PiS|oloolas 
o 
i—) 
wWe°/S|2 
Zeiss 
oo 


| 6 | 8.00 | 8.51 | 0.315 | 


| c [0.240 | 

| 0 | 0.406 | 0.533 | 0.016 | 0.021 | 
| E | 0.229] 3.18 | 0.009 | 0.125 | 
| FT 0.406 | 0.483 | 0.076 [ 0.019 | 


| 4.83 | 5.33 | 0.190] 0.210 | 
| 0.711 | 0.864 | 0.028 | 0.034 | 
| J | 0.737] 1.02 | 0.029 | 0.040 | 
| K [1270 | - | 0500) - | 
| t [635 | - | 0.250] - | 


| P| - [127 | - [0.050 | 
| O | 90°NOM 90° NOM 
PR {254 [| - [otool - | 


1. LEADS WITHIN 0.36 mm (0.014) DIA 


Alt JEDEC dimensions and notes apply. 


OF TRUE POSITION AT SEATING 
PLANE AT MAXIMUM MATERIAL CONDITION. 
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PACKAGE OUTLINE DIMENSIONS (continued) 


CASE 79-03 ~ |) CASE 79 STYLES 
PIN 1. INPUT 
2,.ouTPuT ! 3 
3. GROUND 
STYLE 1: STYLE 4: 
PIN 1. EMITTER PIN 1. MAIN TERM. 1 
2. BASE 2. GATE 
3. COLLECTOR 3. MAIN TERM. 2 
STYLE 2: - STYLE 5: 
PIN 1. DRAIN PIN 1. COLLECTOR 
2. SOURCE 2. BASE 
3. GATE 3. EMITTER 
oo 
= STYLE 3: STYLE: 6: 
TF | 0411 048 | 0.016) PIN 1. CATHODE PIN 1. SOURCE 
rG | 4.831533 | 0.190, 2. GATE 2. GATE 
TH | 071 | 0.86 | 0.028 | 0.034 | 3. ANODE 3. Peat) 
| 1.02 | 0.029 | 0.040 | 
a | O.500[ — | 
LN | 254TyYP_ [0.100 TYP _| oa RULES AND NOTES ASSOCIATED WITH 10-39 
La] S90°NOM [ 90°NOM | OUTLINE SHALL APPLY, 
CASE 244A-01 CASE 249-05 
STYLE 1: STYLE 2: 
PIN 1. EMITTER “PIN 1. COMMON 
2. BASE 2. OUTPUT STYLE 1: STYLE 2: 
3. EMITTER 3. COMMON PIN 1. EMITTER PIN 1. EMITTER 
4. COLLECTOR 4, INPUT 2. BASE. 2. BASE 
: 3. EMITTER 3. EMITTER 
orm aRRMETERS! INCHES 4. COLLECTOR 4. COLLECTOR 
| MIN | MAX | MIN | MAX | SeaTING RLENES 
ime 8 | A | 7.06 | 7.26{ 0.278 | 0.286 GROUND AND IS 
F nk |B | 6.20[ 6.50] 0.244] 0.256 | CONNECTED TO 
8-32 NC 2A a | C | 15.24] 16.51] 0.600 | 0.650 | PIN 1 AND PIN 3. 
WRENCH | O | 066! 0.86{ 0.026] 0.034 | Cc 
utp | E | 1.40] 1.65; 0.055 | 0.065 | J | an A mal Ss 
TF] 152] - [ 0.060; - | | 
| J { 0.10{ 0.15} 0.004} 0.006 —- ==} —= 
PK [1117] - | 04407 - | } aes | 
mJ *“ SEATING PLANE 
PP] - J i127, — 7 0.050 | 
|S { 2.74] 3.35) 0.108 | 0.132 | 
CASE 303-01 CASE 305-01 


Lv, 


STYLE 1: 
PIN 1. EMITTER 
2, BASE 
3, EMITTER 
4, COLLECTOR 


STYLE 2: 
COLLECTOR PIN’. COLLECTOR 
BASE 


EMITTER 2. 
. BASE 3. EMITTER 
. EMITTER 4, BASE 
NOTE: 
~| A a Cc 1. DIMENSION K APPLIES TO ALL LEADS. 


[MILLIMETERS] INCHES __ 
| MIN | MAX | MIN | MAX_| 
| A | 2.29 | 2.67 | 0.090 | 0.105 _| 
Pc | 0.89 | 1.40 | 0.035 | 0.055 _| 
| Of 0.41 | 0.61 | 0.016 | 0.024 | 
| F | 0.89 | 1.09 | 0.035 | 0.043 _| 
| 3 | 0.08 | 0.15 | 0.003 | 0.006 _| 
[KT 4.45 | 5.84 | 0.175 | 0.230_| 
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PACKAGE OUTLINE DIMENSIONS (continued) 


CASE 305A-01 CASE 317-01 


STYLE 1: STYLE 1: STYLE 2: 
PIN 1. EMITTER PIN 1. DRAIN PIN 1. COLLECTOR 
2. BASE 2. SOURCE 2. EMITTER 
3. EMITTER 3. GATE 1 3. BASE 
4. COLLECTOR 4. GATE 2 4. EMITTER 


MILLIMETERS| INCHES | 


SEATING PLANE 


CASE 317A-01 CASE 318 TO-236AA 


1 L MILLIMETERS| INCHES | 
‘ ap 2.80 | 3.04 | 0.1102) 0.1197] 
: — ‘OAT2 
‘| | re[0.85 | 120 
A STYLE 1: STYLE 2: N F 10.085 [0.13 | 0.0034) 0.0051) 
| PIN, COLLECTOR —~PIN J. COLLECTOR H Muss G 611.78 | 2.04 | 0.0701| 0.0807 
K 2. BASE 2. EMITTER YH [0.51 | 0.60 | 0.020 | 0.0236] 
3. EMITTER 3. BASE -K 10.10 10.25 | 0.004 | 0.0098 
fro [1 [2.10 [2.50 [0.083 | 0.0984 
| M | | 0.018 | 0.0236) 
rF & 


MILLIMETERS| INCHES | 
| MIN | MAX | MIN | 


Cc =| M = ot 
F 
CASE 318 TO-236AB CASE 318 STYLES 
—o 0 pa — ~\ 7 STYLES: STYLE 10: STYLE 14: 
a PIN 1. BASE PIN 1. ORAIN PIN 1. CATHODE 
J 2. EMITTER 2. SOURCE 2. GATE 
3 \ 3. COLLECTOR 3. GATE 3. ANODE 
Ba oF MILLIMETERS] INCHES | STYLE 7: STYLE 11: STYLE 15: 
| MIN | MIN [MAX | PIN 1. EMITTER PIN 1. ANODE PIN 1. GATE 
_t 0.1102] 0.1197 2. BASE 2. CATHODE 2. CATHODE 
3. COLLECTOR 
oa [1.20 | 1.40 | 0.0472{ 0.0551) 3. CATHODE 3. ANODE 
is | STYLE 8: re ANODE 
| PIN 1. ANODE : 
" G 2. NO CONNECTION PIN 1. CATHODE a 16. 
S CATHODE 2. CATHODE IN 1. ANODE 
3. ANODE 2. CATHODE 
Ss 3. CATHODE 
i STYLE 9: STYLE 13: 
1 PIN 1. ANODE PIN 1. SOURCE STYLE 17: 
: 2. ANODE 2. DRAIN PIN 1, NO CONNECTION 
3. CATHODE : 2. ANODE 
3. GATE 3. CATHODE 


L STYLES 1 THRU 5 ARE OBSOLETE. STYLE 18: 
. { PIN 1. NC 
| NOTES PIN 2. CATHODE 


TE 
} 1, 318 - 02 MEETS ALL JEDEC PIN 3. ANODE 
F DIMENSIONAL REQUIREMENTS 
FOR TO - 236 AA. 
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PACKAGE OUTLINE DIMENSIONS (continued) 


CASE 345-01 | : CASE 358-01 


rl RF 
Lae 


N 
K 4 t 
' 
; eh-s 
S STYLE 1: STYLE 2: 
L PIN 1. BASE PIN 1. DRAIN 
2. EMITTER 2. SOURCE 
: MILLIMETERS| INCHES | 3. COLLECTOR 3. GATE 1 
foun wn Lax | min [MAK 4, EMITTER 4, GATE 2 
STYLE 1: STYLE 3: 
PIN 1. BASE PIN 1. GATE [Bl 2.29 | 2.60 | i ey 
5 Suitren 2 EE _ ee fn a a 
3. CATHODE = eT 162 | 1.80 | 0.064 | 0.070 ae ee ee ; 
STYLE 2: TF | 0.44 | 063 | 0.018 | 0.020 c ft 
PIN 1. ANODE Sr BRAG (Gc | 1.508sC_ | 0.059 BSC TP aE 
2. CATHODE 2 GATE | J | 0.35 | 0.44 | 0.014 | 0.017 | SEATING PLANE 
3. NO CONNECTION 3. SOURCE chr sme an 0.040 
N [2.04 | 2.28 | 0.087 | 0.089 | 
CASE 607-04 CERAMIC 14 CASE 610A-04 CERAMIC 


SEATING PLANE 


MILLIMETERS] INCHES __| 


MILLIMETERS INCHES 


| MIN [| MAX | MIN [ MAX | 
| a | 6.10] 7.37 | 0.240 | 0.290 | 
gees e792} 408 [0.115 10.160] 


EMITTER 3, 5, 10, 12 
COLLECTOR 1, 7, 8, 14 


STYLE 1 
FOR COMPLEMENTARY QUADS BASE 1,5 
NPN PINS 1 THRU 3, 12 THRU 14 EMITTER 2, 4 
PNP PINS 5 THRU 7, 8 THRU 10 COLLECTOR 9, 7 
(REFER TO STYLE 1 FOR COMPLEMENTARY PAIRS 


FOR PIN IDENTIFICATION) 


NPN PINS 1, 2, 9 
PNP PINS 4, 5, 7 
(REFER TO STYLE 1 FOR PIN IDENTIFICATION) 


CASE 646-05 


MILLIMETERS| INCHES | 

| MIN [MAX | MIN [MAX | 

PA [18.16 | 19.56 | 0.715 | 0.770 | 
PB | 6.10 | 6.60 | 0.240 

PC | 4.06 | 5.08 | 0.160 | 0.200 | 


[_\SeaTine' Kk |B | 0.38 | 0.53 | 0.015 [0.021 | 
D PLANE 6 | F | 1.02 | 1.78 | 0.040 | 0.076 
rc 


we el 


Biiijies 


' ro4 
Hl =| G-e— seating 
PLANE 
STYLE 1 STYLE 1 
COLLECTOR 1, 7, 8, 14 BASE 2, 6, 9, 13 
BASE 2, 6, 9, 13 EMITTER 3, 5, 10, 12 
EMITTER 3, 5, 10, 12 COLLECTOR 1, 7, 8, 14 
COMPLEMENTARY PAIRS , COMPLEMENTARY PAIRS 
TYPE 1 TYPE 2 TYPE 1 TYPE 2 
NPN 1 THRU 3, 5 THRU 7 NPN 1 THRU 3, 12 THRU 14 NPN 1 THRU 3, 5 THRU 7 NPN 1 THRU 3, 12 THRU 14 
PNP 8 THRU 10, 12 THRU 14 PNP 5 THRU 7, 8 THRU 10 PNP 8 THRU 10, 12 THRU 14 PNP 5 THRU 7, 8 THRU 10 
(REFER TO STYLE 1 FOR PIN IDENTIFICATION) (REFER TO STYLE 1 FOR PIN IDENTIFICATION) 
MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 


PACKAGE OUTLINE DIMENSIONS (continued) 


CASE 654-02 


CASE 654-07 


A- 
amas 
c 
K 
NOTES: SEATING | 
1, ALL RULES & NOTES ASSOCIATED WITH PLANE 


REFERENCED TO-78 (654-02) OUTLINE 


SHALL APPLY. 
rain MILLIMETERS] INCHES | 
| MIN | T_ MIN | 


MILLIMETERS} — INCHES 


A STYLE 4: 
PINT. COLLECTOR 5, EMITTER Sh GATE er 
2. BASE 6. BASE 2. SOURCE 6. SOURCE 
3, EMITTER 7. COLLECTOR 
4. OMITTED 8. OMITTED 3. DRAIN 7. GATE 
: 4. OMITTED 8. OMITTED 
STYLE 2: 
PIN’. COLLECTOR 5. SOURCE STYLE 5: 
: Parte : ae SIDE 1 (NPN) SIDE 2 (PNP) 
R 5. EMITTER 
4. OMITTED 8. OMITTED a ee ee 
STYLE3: 3. EMITTER 7. COLLECTOR 
PIN 1. EMITTER 4. OMITTED 8. OMITTED 
2. BASE 
3. COLLECTOR STYLE 6: 
4. OMITTED PIN 1. SOURCE 5. SOURCE 
oe 
6. NO CONNECTION . 
S eATBODE 4, OMITTED 8. OMITTED 
8. OMITTED 
CASE 714-02 


1, MOUNTING HOLES WITHIN 
0.25 mm (0.010) DIA OF TRUE 
POSITION AT MAXIMUM 
MATERIAL CONDITION. 


| | 
|B | 26.42 | 
1c | 20.57 
PE | 11.81 | 
TF | 7.62 
FIRST STAGE: PIN 1, REIN PG | 2.41 | 
4, RE OUT PH | 9.65 | 
SECOND STAGE: PIN 6, RF IN Ha 
9, RF OUT ft | 
Vde: PIN 5 rN | 
DC AND RF GROUND: PINS 2, 3, 7,8 [= 
NOTE: a 
Ts | 
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Application Note Abstracts 


(Application Notes are available upon request.) 


AN-139A Understanding Transistor 
Response Parameters 


This note explains high-frequency transistor response param- 
eters and discusses their interdependence. Useful nomograms 
are given for determining h,,, fr, fuer fmax» and many other 
parameters. 


AN-211A_ Field-Effect Transistors in 
Theory and Practice 


The basic theory, construction, and application information for 
field-effect transistors (junction and MOS types) are given. Also 
included are some typical test circuits for checking FET 
parameters. 


AN-215A RF Small-Signal Design Using 
2-Port Parameters 


Power gain and stability of high-frequency transistors may be 
completely described by two port parameters. 

This paper presents a summary of the overall design solution 
for the small-signal RF amplifier using two-port parameters. 
Design considerations and relationships for both the stable and 
the potentially unstable transistor are presented together with 


a discussion of neutralized, unneutralized, matched, and mis- 


matched amplifiers. 


AN-267 Matching Network Designs with 
Computer Solutions 


Computer solutions for four networks commonly used in solid- 
state high frequency amplifiers have been tabulated. 


AN-268 Pulse Triggering of Radar 
Modulator SCR’s 


Factors involved in dynamic gate triggering are examined and 
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relations of gate triggering characteristics to variations of total 
current amplifications with gate current are shown. 


AN-270 Nanosecond Pulse Handling Techniques in 
IC Interconnections 


The rapid advancement in the field of high speed digital in- 
tegrated circuits has brought into focus many problem areas in 
the methods of pulse measurement techniques and new con- 
cepts dealing with these problems. This paper is intended to 
discuss the more common, yet perhaps not well 


AN-421 Semiconductor Noise Figure 
Considerations 


A summary of many of the important noise figure consider- 
ations related with the design of low noise amplifiers is pre- 
sented. The basic fundamentals involving noise, noise figure, 
and noise figure-frequency characteristics are then discussed 
with the emphasis on characteristics common to all semicon- 
ductors. A brief introduction is made to various methods of data 
sheet presentation of noise figure and a summary is given for 
the various methods of measurement. A discussion of low noise 
circuit design, utilizing many of the previously discussed con- 
siderations, is included. 


EN-101 Verifying Collector Voltage Ratings 


Methods of verifying the various voltage ratings given on tran- 
sistor data sheets are described. Practical test circuits are given 
and testing problems are discussed. A detailed discussion of 
the avalanche breakdown mechanism and the significance of 
various voltage ratings is also included. 


SMALL-SIGNAL DEVICES 


Discrete products are available from Motorola in three quality 
levels: Industrial/Commercial grade, Military grade, and Cus- 
tomer Specials. 

This Reliability and Quality Assurance section contains infor- 
mation on final test and quality assurance processing. Included 
is a listing of Q.A. tests and the applicable MIL-STD methods 
relating to the above-noted quality levels. 

High reliability (JAN, JANTX, JANTXV, and JANS) processing 
of transistors is outlined by using a processing and quality control 
flow chart. , 

A glossary of Reliability and Quality terms is also included. 


Reliability and 
uality Assurance 


Reliability and Quality Assurance 


Quality Levels , 
Most small-signal discrete products are available from 
Motorola in three quality levels: 


1. | INDUSTRIAL/COMMERCIAL GRADE — Identified by 
a part number prefix such as 2N, MM or MPS and tested 
to a published Motorola, JEDEC or Proelectron 
specification. 


2. MILITARY GRADE — Identified by a 2N part number 
prefix, a JAN, JTX, JTXV or JANS suffix, and manu- 
factured and tested per MIL-S-19500. 


JAN — Controlled lot with sample environmental and 
life testing 


JTX — Same as JAN plus 100% processing 


JTXV— Same as JTX plus 100% internal visual 
inspection 


JANS—- Same as JTXV plus wafer lot acceptance and 
additional 100% processing requirements. 


3. CUSTOMER SPECIAL — Screening, testing and mark- 
ing as determined by the customer to meet his particular 
requirements. This may range from a custom-marked 
industrial/commercial grade product to a hi-rel product 
which is subjected to a series of stringent inspections 
and tests to meet aerospace or special military 
requirements. 


Final Test Processing | 

Device lots are subjected to 100% processing in Final Test. 
This processing may be as simple as electrical testing to data 
sheet specifications or as complex as a series of mechanical, 
environmental and burn-in screening tests preceded and fol- 
lowed by electrical readouts. All lots, whether industrial/com- 
mercial, military or hi-rel, are subjected to a minimum eight-hour 
storage bake at 150°C or 200°C. 


Quality Assurance Processing 

All products are transferred to QA where they are subjected 
to Group A electrical testing, usually to the same specifications 
used by Final Test. In the past, QA has primarily performed 
sample testing; but now, at Motorola, most small-signal metal 
can transistors are 100% electrical tested by QA, and when this 
expansion program is completed, all small-signal transistors will 
be subjected to 100% QA electrical testing. Military and hi-rel 
lots may undergo additional 100% screening in QA. Using the 
popular 2N2222A family as an example, Table 1 compares the 
varying degrees of preconditioning and screening that are done 
on the 2N2222A, 2N2222AJAN, 2N2222AJNTX, 2N2222AJTXV 
and 2N2222AJANS transistors. QA randomly selects test sam- 
ples for Group A, B and C testing as defined in MIL-S-19500. 
The individual tests are defined in MIL-STD-750. Tables 2 and 
3 list the Group B and C test requirements for the 2N2222A 
military family. 


TABLE 1 — 100% PRECONDITIONING AND SCREENING (2n2222a Family) 


Test MIL-STD-750 2N2222A 2N2222AJTX 
Method 2N2222AJAN | 2N2222AJTXV 


. Electrical tests 
. High temperature storage 
. Thermal shock 
. Constant acceleration 
. Particle impact noise 
. Hermetic seal 
fine leak 
gross leak 


go — no go 


200°C, 24 hours 


C, 20 cycles 


20,000 G, Y1 


B 


GorH 
A, C, E or F 


. Electrical tests 

. H.T. reverse bias 

. Electrical tests 

. Full-power burn-in 

. Full-power burn-in 

. Electrical tests 

. Hermetic seal 
fine leak GorH 
gross leak A, C, E or F 

. X-ray = 

. External visual = 


_ read & record 
150°C, 48 hours 
read & record” 
25°C, 168 hours 
25°C, 240 hours 
read & record” 


*Bin & cell may be used for JTX and JTXV product 
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SUBGROUP LTPD 


TABLE 2 — GROUP B TESTS (2n2222aJANUTX/JTXV/JANS) 


MIL-STD-750 _ LTPD (Accept No.) 
. Inspection: oF: Test Method | conedtton | and Military Classification 


. Physical dimensions 
SUBGROUP LTPD 

. Solderability 

. Solvent resistance 
SUBGROUP LTPD 

. Thermal shock 

Thermal shock 

. Hermetic seal 

fine leak 

gross leak 

. Decap internal visual 

. Bond strength 

. Die shear 

SUBGROUP LTPD 

. Operating life 
SUBGROUP LTPD 

. Decap internal visual 

. Bond strength 
SUBGROUP LTPD 

. Intermittent operating life 
SUBGROUP LTPD 

. Accelerated operating life 
SUBGROUP LTPD 

. High-temperature storage life 


SUPGROUP LTPD 
. Physical dimensions 
SUBGROUP LTPD 
. Thermal shock 

. Terminal strength 

. Hermetic seal 

fine leak 

gross leak 

. Moisture resistance 

. External visual 
SUBGROUP LTPD 
. Shock 

. Variable-frequency vibration 
. Constant acceleration 
SUBGROUP LTPD 
. Salt atmosphere 
SUBGROUP LTPD 
. Operating life 
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C1, 25 cycles 
C3, 100 cycies 


GorH 
A, C, E or F 


25°C, 340 hours 


A 
25°C, 2000 cycles 
125°C, 96 hours 


200°C, 340 hours 


GorH 
A, C, E or F 


Omit initial precond. 


1500G 
100-2000 Hz 
20,000 G 


25°C, 1000 hours 
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10 (0) 
JANS 
15(1) 
ALL 
ALL 
10 (1) 
JAN, JTX, JTXV 
JANS 


ALL 
ALL 
JANS 
JANS 
JANS 
5 (2) 
JAN, UTX, JTXV 
20 (0) 


' JAN, JTX, JTXV 


JAN, UTX, JTXV 
10 (2) 
JANS 
10 (2) 
JANS 
7 (2) 

JAN, JTX, JTXV 


High Reliability Processing of Transistors 


| WAFER PROCESSING 


After wafers are processed, they are subjected to Motorola visual 
inspection requirements and overlay geometry wafers are sub- 
jected to a sample SEM inspection to assure good step cov- 
erage. The wafers are then probed to electrical requirements 
and the rejects are inked. Finally, they are sawn and separated 
to form the individual dice. 


il! ASSEMBLY lit CAN WELD OR LID SEAL 


The die are attached to headers and then wire bonded. The Completed headers are loaded into a vacuum chamber for can 
following mechanical tests are performed by Quality Control in- weld or processed thru a furnace for top attachments on ceramic 
Spectors on a sample basis to ensure assembly process __— packages. All devices are subjected to a high temperature stor- 
controls. age (stabilization bake) prior to final electrical test. 


(1) Wire pull tests 
(2) Die push off tests 
Units are stored in dry air until ready for capping. 


PROCESSING AND QUALITY CONTROL FLOW CHART 


COMMERCIAL WAFER 
ASSEMBLY OR 
GRADE PROCESSING aac al 
VU SCANNING 
ELECTRON 
MICROSCOPE 
(SEM) IX 
100% LOW POWER 
MILITARY GRADE JANTXV ASSEMBLY VISUAL 
Vill 
100% 
HIGH POWER 
DIE VISUAL 
Xi 
CUSTOMER SPECIFIED CUSTOMER 
SCREENING AND TESTING SPECIFIED 


Vil SCANNING ELECTRON MICROSCOPE 


Ail JANS product with overlay geometry requires a SEM in- 
spection per MIL-STD-750, method 2077. To assure good 
metallization step coverage, Motorola monitors all overlay ge- 
ometry transistor wafer lines whether or not it is required. 


CAN WELD 


PROCESSING 


Xi CUSTOMER SPECIFIED PROCESSING 


Screening, testing and marking as determined by the customer 
to meet his particular requirements, which may range from a 
custom-marked standard product to a hi-rel product that is sub- 
jected to the most stringent tests for aerospace or military 
applications. 


Vil! 100% HIGH POWER DIE VISUAL 


The high power portion of the inspection is performed to assure 
good die construction and front metal conditions. individual reject 
criteria includes the following: Metallization defects such as 
scratches, voids, corrosion, adherence, bridging and alignment. 
Poor die construction conditions such as oxide and faults are 
also rejected. 


IX 100% LOW POWER ASSEMBLY VISUAL 


The low power visual inspection controls workmanship, i.e., die 
attachment, internal lead-wire attachment, and package defects. 
Die attachment inspection includes assuring good watting, die 
placement and proper orientation. Internal lead wires must have 
proper arc and all attachment bonds must be properly placed 
and in good condition. Package defect inspection includes 
checking for foreign material, improper construction and cracked 
feedthroughs. 
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IV 400% Vi ies 
FINAL QUALITY WARE HOUS 
> CONTROL 
3 Bree COMMERCIAL 


IV 100% FINAL ELECTRICAL TEST V QUALITY CONTROL Vi WAREHOUSE 


Completed devices are subjected to 100% testing to electrical Although it has been traditional for QA to perform sample testing, Upon completion, the finished product is ready for shipping. 
requirements. When different devices are sourced from a single today most small-signal metal can transistors are 100% electrical Purchase order requirements are carefully checked again prior 
product line, they are sorted for voltage and gain. tested by QA. Soon, all transistors will be 100% tested by QA. to shipping. Warranty tests (Group A) are performed every 24 


Group A and B tests are performed on JAN devices. Group A months on military devices. 
and B tests and 100% processing are performed on JANTX, 

JANTXV and JANS devices. Group C testing is required on a 

periodic basis. 


JANTX JANTXV JANS y 


X on vi 
100% Anolis SiMaLE WAREHOUSE 
QUALITY CONTROL BOSlp CALE SHIP 
PROCESSING JAN-JANTX-JANTXV 


Vi 
WAREHOUSE 


a a a SHIP 


CUSTOM SPECIAL 


X 100% QUALITY CONTROL PROCESSING XI GROUP B AND GROUP C INSPECTION 


a. High-temperature storage Typical Group B Processing Typical Group C Processing 
b. Thermal shock a. Physical dimensions a. Physical dimensions 
c. — Constant acceleration -b. Solderability b. Thermal shock 
d. Particle impact noise (JANS) c. Solvent resistance c. Terminal strength 
e. Hermetic seal d. Thermal shock d. Hermetic seal 
f. High-temperature reverse bias e. Hermetic seal e. Moisture resistance 
g. — Full-power burn-in f. Decap internal visual f. External visual 
h. X-ray (JANS) g. Bond strength g. Shock 
i, External visual (JANS) h. Die shear h. Variable-frequency 
j. Read and record parameters vibration 
i. | 340 hr. operating life i. Constant acceleration 
j. Intermittent operating life j. Salt atmosphere 
(JANS) 
k. Accelerated operating life k. 1000 hr. operating life 
(JANS) 
|. 340 hr. storage life 
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Test Descriptions 


The following tests are frequently used for screening, acceptance and evaluation of semiconductor devices. 


A. 


Steady State Operating Life (SSOL) 

The purpose of this test is to evaluate the bulk stability of 
the die and to generate defects resulting from manufacturing 
aberrations that are manifested as time and stress- 
dependent failures. 


Conditions: Ta = 25°C, PD = max rated power 


Intermittent Operating Life (IOL) 

The purpose of this test is the same as Operating Life in 
addition to checking the integrity of both the wire and die 
bonds by means of thermal stressing. 

Conditions: Ta = 25°C, PD = max rated power. T(on) 
= Toff) = 1 min. 


High Temperature Storage Life 


The purpose of this test is to generate time/temperature 
failure mechanisms and to evaluate long-term storage 
stability. 

Conditions: Ta = 150°C no bias applied 


High Temperature Reverse Bias (HTRB) 

The purpose of this test is to align mobile ions by means 
of temperature and voitage stresses to form a high-current 
leakage path between two or more terminals. 


Conditions: Ta = 150°C, Vcgp = 80% max rated Vcp, 


High Temperature High Humidity Reverse Bias 
(H°TRB) . 

The purpose of this test is to evaluate the moisture resis- 
tance of non-hermetic components. The addition of voltage 
bias accelerates the corrosive effect after moisture pene- 
tration has taken place. With time, this is a catastrophically 
destructive test. 

Conditions: Ta = 85°C, RH = 85%, Vcp = 80% max 
rated Vcp, 


Moisture Resistance 


The purpose of this test is to evaluate the moisture resis- 
tance of components under temperature/humidity condi- 
tions typical of tropical environments. 


Conditions: Mil-Std-750, Method 1021. 
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Pressure Cooker 


The purpose of this test is to evaluate the moisture resis- 
tance of non-hermetic components under pressure/ 
temperature conditions. 


Conditions: T = 121°C, P = 1 atmosphere (15 psig) 


Temperature Cycle (Air to Air) 


The purpose of this test is to evaluate the ability of the 
device to withstand both exposure to extreme temperatures 
and the transition between temperature extremes, and to 
expose excessive thermal mismatch between materials. 


Conditions: Mil-Std-750, Method 1051, —55°C to 150°C, 
15 minutes dwell time at each temperature 


Thermal Shock (Liquid to Liquid) 
This test is an accelerated version of temperature cycle. 


Conditions: Mil-Std-750, Method 1056, 0°C to 100°C, 15 
seconds dwell time at each temperature 


Terminal Strength 


The purpose of this test is to evaluate the ability of the 
device terminals to withstand the lead forming and tension 
associated with component installation into a circuit. 


Conditions: Mil-Std-750, Method 2036, Condition E. 


Solderability 


The purpose of this test is to determine the solderability of 
the device terminals. 


Conditions: Mil-Std-750, Method 2026. 


Salt Atmosphere (Corrosion) 


The purpose of this test is to accelerate the corrosion effects 
of an environment in which salt (NaC1) is present. 


Conditions: Mil-Std-750, Method 1041 


Mechanical Stress Tests 


Vibration, shock and constant acceleration tests are infre- 
quently used since they rarely generate failures in small- 
signal transistors. However, they are still specified for ac- 
ceptance of military product. 
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Glossary of Reliability and Quality Terms 


Acceptable Quality Level (AQL) — A measure of quality for 
which a given lot will be accepted most of the time. This is 
usually established at a probability of acceptance equal to 
95%. It is referred to as the producer’s risk because the 
probability of rejecting a good lot is 5%. 


Acceptance Number (Ac) — The largest number of defec- 
tives in an inspection sample under consideration that will 
permit acceptance of the lot. 


Acceptance Tests — Tests to determine conformance to 
specification requirements as a basis for lot acceptance. 


Average Outgoing Quality (AOQ) — The average quality of 
outgoing product after 100% screening of rejected lots. This 
is usually measured in parts per million (PPM). 


Average Outgoing Quality Limit (AOQL) — The maximum 
average outgoing quality that is possible for a given sam- 
pling plan. 


Defect — Any deviation of a device that does not conform 
to specified requirements. One device may contain more 
than one defect. 


Defective — A device which contains one or more defects. 


Double Sampling — Sampling inspection in which the in- 
spection of the first sample leads to a decision to accept, to 
reject, or to take a second sample. The inspection of a sec- 
ond sample, when required, always leads to a decision to 
accept or to reject. 


Failure — The inability of a device to perform a specified 
function within previously-established limits. 


Failure Rate — The statistical probability of a failure occur- 
ring within a stated period of time. For electronic compo- 
nents it is usually assumed that failures follow an exponen- 
tial distribution, in which case the failure rate over any stated 
period of time is constant. The failure rate of semiconductor 
devices is generally given in percent per thousand hours. 


Infant Mortality — Premature failures occurring at a failure 
rate substantially greater than that observed during sub- 
sequent life prior to wear-out. 


Lot — A group of devices from which samples are drawn 
and inspected to determine compliance with acceptance 
criteria (inspection lot). 


Lot Tolerance Percent Defective (LTPD) — A measure of 
quality for which a given lot will be rejected most of the 
time. This is usually established at a probability of accep- 
tance equal to 10%. It is referred to as the consumer’s risk 
because the probability of accepting a bad lot is 10%. 


SMALL-SIGNAL DEVICES 


9-7 


Mean Time Between Failures (MTBF) — The total measured 
operating time of a group of equipments divided by the total 
number of failures of a repairable equipment. In the case 
of an exponential failure distribution, this ratio is the recip- 
rocal of failure rate. 


Operating Characteristic Curve (OC curve) — A graph of the 
probability of acceptance as a function of the lot quality or 
process average quality, whichever is applicable. 


Percent Defective — The number of defective devices in a 
lot divided by the total number of devices in that lot, mul- 
tiplied by 100. 


Probability of Acceptance (Pa) — The fractional probability 
that a lot will be accepted, usually expressed as a decimal. 


Process Average Quality — The expected quality of product 
from a given process, usually estimated from first sampl 
results of previous inspection lots. 


Quality — A measure of the degree to which a product 
conforms to specification and workmanship requirements. 


Rejection Number (Re) — The smallest number of defectives 
in an inspection sample under consideration that will pre- 
vent acceptance of the lot. 


Reliability — A measure of the performance of a product 
over a specified period of time. 


Sample — One or more devices selected at random from 
an inspection lot to represent that lot for acceptance 
purposes. 


Sampling Plan — A specific plan which defines the sample 
size and the criteria for accepting or rejecting a lot. 


Screening Tests — Tests employing nondestructive envi- 
ronmental, electrical, thermal and/or mechanical stresses, 
for the purpose of identifying anomalous devices. 


Single Sampling — Sampling inspection in which a decision 
to accept or to reject is reached after the inspection of a 
single sample. 


Wearout Failures — Those failures which occur as a result 
of deterioration processes and whose probability of occur- 
rence increases with time. 


100% Inspection — Inspection of every device, in which each 


device is accepted or rejected individually for the charac- 
teristic concerned, on the basis of its own inspection only. 


MOTOROLA SEMICONDUCTORS 


RR cs rg ac ee Sr 


Selector Guides 


Plastic-Encapsulated 
TO-92 Transistors 


Microminature 


Products 


Metal 
Transistors 


Multiple 
Transistors 


Field-Effect 
Transistors 


RF Transistors 


Package Outline 
Dimensions and 
Application Literature 


Reliability and 
Quality Assurance 


a os j 


AA MOTOROLA Semiconductor Products Inc..- | Hi ie 


BOX 20912. PHOENIX, ARIZONA 85036 © A SUBSIDIARY GF MOTOROLA INC Biase 


- 
: . “ - 
2 - Soi, - 
a = Sees ew 


